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(54) EPOXY RESIN COMPOSITION FOR FIBER-REINFORCED COMPOSITE MATERIAL, 
PREPREG, AND FIBER-REINFORCED COMPOSITE MATERIAL 

(57) In order to realise the objectives stated above, the thermosetting resin composition for carbon fibre reinforced 
composite materials of the present invention chiefly comprises the following components. 

(A) Thermosetting resin 



(B) Compound containing one functional group which can react with thermosetting resin (A) or its curing agent, and 
a moiety selected from the following formulae (1) to (4) 
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Furthermore, the present invention also relates to a prepreg formed by impregnating reinforcing fibre with the afore- 
said resin composition and to carbon f tore reinforced composite materials comprising reinforcing fibre and a cured 
aforesaid thermosetting resin composition. 

In accordance with the present invention, there can be obtained a thermosetting resin composition where the adhe- 
sion to reinforcing fibre by the cured material and the elastic modulus of the cured material are excellent, and by using 
this resin composition there can be obtained carbon fibre reinforced composite materials which are excellent in their 0° 
compressive strength, 90° tensile strength and interlaminar shear strength, and which also have outstanding impact 
resistance. 
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Technical Field 

5 [0001] The present invention relates to fibre reinforced composite materials suitable for sports applications, aero- 
space applications and general industrial applications, and to a thermosetting resin composition and a prepreg for 
obtaining these composite materials. 

Technical Background 

10 

[0002] On account, in particular, of their outstanding mechanical properties, fibre reinforced composite materials com- 
prising reinforcing fibre and a matrix resin are widely employed in sports applications, aerospace applications and gen- 
eral industrial applications. 

[0003] In these applications, carbon fibre, aramid fibre and glass fibre are chiefly employed as the reinforcing fibre. 
75 Of these, carbon fibre is outstanding in its specific strength and specific modulus and it is particularly important in that 
high performance composite materials can be obtained. 

[0004] Both thermoplastic resins and thermosetting resins are used as the matrix resin, but thermosetting resins are 
most often employed because of their excellent impregnation of the reinforcing fibre. 

[0005] As thermosetting resins, epoxy resins, resins with a plurality of polymerizable unsaturated bonds in the mole- 
20 cule (vinyl ester resins, unsaturated polyester resins and the like), phenolic resins and cyanate resins are chiefly used. 
[0006] Fibre reinforced composite materials are heterogeneous materials comprising the aforesaid reinforcing fibre 
and matrix resin, and the adhesion between them has a considerable influence on the properties, as described below. 
[0007] In general, with a ftore reinforced composite material, the strength in the direction of the fibre orientation is 
high, reflecting the properties of the reinforcing fibre, but the strength in directions in which there is no fibre orientation 
25 and the shear strength are not necessarily excellent, and indeed not uncommonly they are the weak points in terms of 
the performance of a fibre reinforced composite material. 

[0008] Improving the adhesion between the reinforcing fibre and the matrix resin is effective in raising the strength in 
directions in which there is no fibre orientation and the shear strength. A known means for improving the adhesion 
between the reinforcing fibre and the matrix resin is surface treatment of the reinforcing fibre, for example the si lane 
30 coupling agent treatment of glass fibre and the electrolytic oxidation of carbon fibre, but hardly any effective methods 
are known for improving the adhesion based on resin technology. In particular, in the case of carbon fibre, when adhe- 
sion is improved by electrolytic oxidation, this is at the expense of the fibre strength so that there are limits thereto, and 
while there has been a strong demand for alternative means for improving the adhesion, no effective means has hith- 
erto be found. 

35 [0009] In US Patent No. 4873309, there is disclosed a resin composition comprising (a) an epoxy resin containing 
bromine, (b) its curing agent, and (c) monomer having at least one vinyl unsaturated bond. Specific examples here of 
(c), along with styrene, methyl methacrylate, acrylonitrile, vinyl acetate and many other general monomers, include acr- 
ylamide and its derivatives, and there is also mention of carbon fibre but unrelated to these. The function of (c) in that 
invention is as a diluent for achieving a lower viscosity, and there is no suggestion at ail of combining a specific amount 

40 of acrylamide or derivative thereof and carbon fibre, nor that the combination thereof differs from combinations of car- 
bon fibre and other general monomers in that a dramatic effect is shown in terms of improving adhesion and enhancing 
the elastic modulus, and so the invention in no way relates to the concept of the present invention. Again, the fact that 
a comparatively large amount of (c) is added in that invention differs from the incorporation of a relatively small amount 
of component (B) in the present invention. 

45 [001 0] On the other hand, in US Patent No. 4230766, there is described an example in which a composition compris- 
ing thermosetting resin and vinyl pyrrolidone is used to impregnate carbon fibre, then the composition partially cured by 
light irradiation, after which hot curing is performed and a fibre reinforced composite material obtained. However, in that 
example, the amount of vinyl pyrrolidone added is excessive, and there is absolutely no suggestion that by adding a 
specific amount there is a dramatic effect in terms of improving the adhesion and enhancing the elastic modulus without 

so impairing other physical properties. 

[001 1 ] The objective of the present invention is to offer a thermosetting resin composition for fibre reinforced compos- 
ite materials where the cured product thereof shows outstanding adhesion to the reinforcing fibre, in particular carbon 
fibre, together with a prepreg employing said resin composition and carbon fibre reinforced composite materials of out- 
standing properties obtained using same. 

55 

Disclosure of the Invention 

[001 2] In order to realise these objectives, the thermosetting resin composition for carbon fibre reinforced composite 
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materials of the present invention comprises the following components. 
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(A) Thermosetting resin 

(B) Compound having one functional group which can react with thermosetting resin (A), or its curing agent, and 
which contains a moiety selected from the following formulae (1) to (4) 
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[001 3] Furthermore, the prepreg of the present invention is a prepreg formed by the impregnation of reinforcing fibre 
with the aforesaid resin composition, and the carbon ftore reinforced composite materials of the present invention are 
30 carbon fibre reinforced composite materials comprising cured aforesaid thermosetting resin composition and reinforc- 
ing fibre. 

Brief Explanation of the Drawings 
35 [0014] 

Figure 1 is a schematic diagram of a polymer network. 

Figure 2 shows the state of carbon fibre strands wound by means of a drum winder. 

40 

Figure 3 shows equipment employed in the preparation of a unidirectional composite material. 
Explanation of the numerical codes 
45 [0015] 



1 : a functional group which reacts with the thermosetting resin or its curing agent 


2: a moiety represented by any of formulae (1) to (4) 


3: polymer network 


4: drum 


5: release paper 


6: carbon fibre strands 


7: adhesive agent 


8: cut line 


9: carbon fibre sheet material 


10: fixed chuck 


1 1 : moveable chuck 


12: screw 
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(continued) 



13: knob 


14: lower mould 


15: spacer 


16: upper mould 



Optimum Mode for Practising the Invention 

[0016] Reference to the thermosetting resin, which is component (A) in the epoxy resin composition used for fibre 
reinforced composite materials of the present invention, means a precursor which is thermally cured, that is to say 
w which reacts thermally to produce a polymer with a network structure. Specific examples of thermosetting resins are 
epoxy resins, resins with a plurality of polymerizable unsaturated bonds in the molecule (vinyl ester resins, unsaturated 
polyester resins, diallyl phthalate resins, maleimide resins), phenolic resins, cyanate resins, melamine resins, urea res- 
ins, polyurethane resins, benzoxazine resins, oxazoline resins and the like. 

[0017] Of these, the epoxy resins, vinyl ester resins and unsaturated polyester resins are suitable for general appli- 
75 cations. Phenolic resins are suitable for applications where flame retardancy is demanded, for example as building 
materials and aircraft interior trim materials. Cyanate resins and maleimide resins are suitable for applications where 
heat resistance is demanded, for example structural materials for artificial satellites. 

[0018] Component (B) is a compound which contains one functional group which can react with thermosetting resin 
(A) or with its curing agent, and a moiety selected from the following formulae (1) to (4). 
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[0019] The structures represented by formulae (1) to (4) may also be one part of a still more complex structure. For 
example, typical compounds with the amide linkage represented by general formula (1) are carboxamides but, besides 
these, the compound may also have the amide linkage as part of a ring or more complex structure, for example it may 
be an imide. urethane. urea, biuret, hydantoin, carboxylic acid hydrazide, hydroxamic acid, semicarbazide, semicarba- 
45 zone or the like. 

[0020] Component (B) is a compound incorporated in order to raise the adhesion to the reinforcing f fore. This com- 
ponent (B) reacts with the thermosetting resin or with its curing agent, so that the cured matrix resin has structures 
selected from general formulae (1) to (4). 

[0021 ] The structures selected from general formulae (1 ) to (4) strongly interact with the reinforcing fibre, and improve 
so the adhesion. Effective interactions comprise the following two types. 

[0022] The first is hydrogen bonding. This is effective in cases where there are functional groups with, for example, 
OH or NH structures present at the reinforcing fibre surface. 

[0023] The second is electrical attraction between dipoles. The structures selected from general formulae (1) to (4) 
are strong permanent dipoles. Induced dipoles are produced by permanent dipoles and then electrical attraction occurs 
55 between the two. The electrical attraction between dipoles is particularly important in terms of reinforcing fibres such as 
carbon fibre where there are few surface functional groups and where there has been no effective means hitherto for 
improving adhesion. 

[0024] In order that the structures selected from general formulae (1) to (4) interact effectively with the reinforcing 
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fibre, it is necessary to bring them into contact with the reinforcing f tore surface. Hence, component (B) has one func- 
tional group which can react with the thermosetting resin or with its curing agent. Where it has a plurality of functional 
groups which can react with the thermosetting resin or with its curing agent, the structures selected from general for- 
mulae (1) to (4) are readily incorporated into the interior of the network structure so that they do not readily contact the 
reinforcing fibre surface (Figure 1 A). Where there is one reactable functional group, the structures selected from gen- 
eral formulae (1 ) to (4) are not bound within the network and so readily contact the reinforcing f tore surface (Figure 1 B). 
[0025] The functional group in component (B) which can react with the thermosetting resin or with its curing agent is 
selected according to the particular thermosetting resin employed, but it is preferred that it has relatively slow reactivity 
compared to the reaction of the thermosetting resin, which is the chief reaction, or compared to the reaction between 
the thermosetting resin and its curing agent. This is because, in such circumstances, the rate of consumption of com- 
ponent (B) in the initial period of the reaction is low, so that it mainly reacts in the latter period of the curing reaction, 
with the result that the structures selected from general formulae (1 ) to (4) are mostly present at the terminal regions of 
the network polymer, and so a considerable effect is readily obtained with just a low level of addition. 
[0026] Moreover, the incorporation of component (B) does not merely improve the adhesion, but also has the effect 
of raising the elastic modulus of the cured thermosetting resin composition. This is thought to be because the structures 
selected from general formulae (1) to (4) produce powerful hydrogen bonding with structures such as OH and NH 
present in the cured material and so restrict molecular motion. 

[0027] Epaxy resins are preferably used as the thermosetting resin employed in the thermosetting resin composition 
for fibre reinforced composite materials of the present invention. Epoxy resin means a compound having two or more 
epoxy groups in the molecule. 

[0028] Specifically, there may be used a glyctdyl ether obtained from a polyol, a glycidyl amine obtained from an 
amine with a plurality of active hydrogens, a glycidyl ester obtained from a polycarboxylic acid, a polyepoxide obtained 
by the oxidation of a compound with a plurality of double bonds in the molecule, or the like. 
[0029] As specific examples of glycidyl ethers, there are the following. 

[0030] Firstly, there are bisphenol type epoxy resins such as the bisphenol A type epoxy resins obtained from bisphe- 
nol A, the bisphenol F type epoxy resins obtained from bisphenol F, the bisphenol S type epoxy resins obtained from 
bisphenol S and the tetrabromobisphenol A type epoxy resins obtained from tetrabromobisphenol A. Examples of 
bisphenol A type epoxy resin commercial products are "Epikote" 825 (epoxy equivalent 1 72-1 78), "Epikote" 828 (epoxy 
equivalent 184-194), "Epikote" 834 (epoxy equivalent 230-270), "Epikote" 1001 (epoxy equivalent 450-500), "Epikote" 
1002 (epoxy equivalent 600-700), "Epikote" 1003 (epoxy equivalent 670-770), "Epikote" 1004 (epoxy equivalent 875- 
975), "Epikote" 1007 (epoxy equivalent 1750-2200), "Epikote" 1009 (epoxy equivalent 2400-3300), "Epikote" 1010 
(epoxy equivalent 3000-5000) (the above are made by Yuka Shell Epoxy K.K.), "Epotohto" YD-128 (epoxy equivalent 
1 84-1 94), "Epotohto" YD-01 1 (epoxy equivalent 450-500), "Epotohto" YD-014 (epoxy equivalent 900-1 000), "Epotohto" 
YD-017 (epoxy equivalent 1750-2100), "Epotohto" YD-019 (epoxy equivalent 2400-3000), "Epotohto" YD-022 (epoxy 
equivalent 4000-6000) (the above are made by the Tohto Kasei Co.), "Epiclon" 840 (epoxy equivalent 180-190), "Epi- 
clon" 850 (epoxy equivalent 184-194), "Epiclon" 830 (epoxy equivalent 165-185), "Epiclon" 1050 (epoxy equivalent 450- 
500), "Epiclon" 3050 (epoxy equivalent 740-860), "Epiclon" HM-1 01 (epoxy equivalent 3200-3900) (the above are made 
by Dainippon Ink & Chemicals Inc.), "Sumi-epoxy" ELA-128 (epoxy equivalent 184-194, made by the Sumitomo Chem- 
ical Co.) and DER331 (epoxy equivalent 182-192, made by the Dow Chemical Co.). Examples of bisphenol F type 
epoxy resin commercial products are "Epikote" 806 (average epoxy equivalent 160-170), "Epikote" 807 (epoxy equiva- 
lent 160-175), "Epikote" E4002P (epoxy equivalent 610), "Epikote" E4003P (epoxy equivalent 800), "Epikote" E4004P 
(epoxy equivalent 930), "Epikote" E4007P (epoxy equivalent 2060), "Epikote" E4009P (epoxy equivalent 3030), 
"Epikote" E4010P (epoxy equivalent 4400) (the above are made by Shell Yuka Epoxy K.K.), "Epicion" 830 (epoxy equiv- 
alent 165-180, made by Dainippon Ink and Chemicals Inc.). "Epotohto" YDF-2001 (epoxy equivalent 450-500) and 
"Epotohto" YDF-2004 (epoxy equivalent 900-1000) (the above are made by the Tohto Kasei Co.). An example of a 
bisphenol S type epoxy resin commercial product is "Denacol" EX-251 (made by Nagase Chemicals Ltd., epoxy equiv- 
alent 189). Examples of tetrabromobisphenol A type epoxy resin commercial products are "Epikote" 5050 (made by 
YUka Shell Epoxy K.K., epoxy equivalent 380-410), "Epiclon" 152 (made by Dainippon Ink & Chemicals Inc., epoxy 
equivalent 340-380), "Sumi-epoxy" ESB-400T (made by the Sumitomo Chemical Co., epoxy equivalent 380-420) and 
"Epotohto" YBD-360 (made by Tohto Kasei Co., epoxy equivalent 350-370). 

[0031 ] Again, there are the novolak type epoxy resins which are the glycidyl ethers of novolaks obtained from phenol 
or phenol derivatives such as alkylphenols, halophenols and the like. As examples of novolak type epoxy resin commer- 
cial products, there are "Epikote" 152 (epoxy equivalent 172-179), "Epikote" 154 (epoxy equivalent 176-181) (these are 
made by Yuka Shell Epoxy K.K.), DER438 (epoxy equivalent 176-181, made by the Dow Chemical Co.), "Araldite" 
EPN1 138 (epoxy equivalent 176-181, made by Ciba), "Araldite" EPN1 139 (epoxy equivalent 172-179, made by Ciba), 
"Epotohto" YCPN-702 (epoxy equivalent 200-230, made by the Tohto Kasei Co.) and Bren-105 (epoxy equivalent 262- 
278, made by the Nippon Kayaku Co.). 

[0032] Additionally, there are the resorcinol diglycidyl ether "Denacol" EX-201 (made by Nagase Chemicals Ltd., 
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epoxy equivalent 1 18), the hydroquinone diglycidyl ether "Denacol" EX-203 (made by Nagase Chemicals Ltd., epoxy 
equivalent 112), the 4,4'dihydroxy-3,3' ^.S-tetramethylbiphenyldiglycidyl ether "Epikote" YX4000 (made by Yuka Shell 
Epoxy, epoxy equivalent 180-192), the 1,6-dihydroxynaphthalene diglycidyl ether "Epiclon" HP-4032H (made by Dain- 
ippon Ink & Chemicals Inc., epoxy equivalent 250), the 9,9-bis(4-hydroxyphenyffluorene diglycidyl ether "Epon" HPT 

5 Resin 1079 (made by Shell, epoxy equivalent 250-260), the tris(p-hydroxyphenyl)methane triglycidyl ether TACTIX 74 
(made by the Dow Chemical Co., epoxy equivalent 150-157), the tetrakis(p-hydraxyphenyl)ethane tetraglyctdyLether 
"Epikote"1 031 S (made by Yuka Shell Epoxy K.K., epoxy equivalent 1 96), the glycerol triglycidyl ether "Denacol" EX-314 
(made by Nagase Chemicals Ltd., epoxy equivalent 145), the pentaerythritol tetraglycidyl ether "Denacol" EX-411 
(made by Nagase Chemicals Ltd., epoxy equivalent 231), and the oxazolidone type epoxy resins XAC4151 (made by 

10 Asahi-CIBA Ltd., epoxy equivalent 412) and XAC4152 (made by Asahi-CIBA Ltd., epoxy equivalent 338) which are 
obtained by the reaction between a bisphenol A type epoxy resin and a bifunctional isocyanate. 
[0033] Specific examples of the glycidyl amines are diglycidylaniline, the tetraglycidyldiaminodiphenylmethane "Sumi- 
epoxy" ELM434 (made by the Sumitomo Chemical Co., epoxy equivalent 1 1 0-130), and the tetraglycidyl m-xylylenedi- 
amine TETRAD-X (made by Mitsubishi Gas Chemical Co., epoxy equivalent 90-105). 

15 [0034] Furthermore, as examples of epoxy resins which combine both glycidyl ether and glycidyl amine structures, 
there are the triglycidyl-m-aminophenol "Sumi-epoxy" ELM120 (epoxy equivalent 118, made by the Sumitomo Chemi- 
cal Co.) and the triglycidyl-p-aminophenol "Araldite" MY0510 (made by Ciba-Geigy, epoxy equivalent 94-107). 
[0035] Specific examples of glycidyl esters are diglycidyl phthalate, diglycidyl terephthalate and the diglycidyl ester of 
dimer acid. 

20 [0036] Moreover, as an example of an epoxy resin with glycidyl groups other than these, there is triglycidylisocyanu- 
rate. 

[0037] As examples of polyepoxides obtained by the oxidation of compounds with a plurality of double bonds in the 
molecule, there are epoxy resins with an epoxycyclohexane ring, specific example of which are Union Carbide's ERL- 
4206 (epoxy equivalent 70-74), ERL-4221 (epoxy equivalent 131-143) and ERL-4234 (epoxy equivalent 133-154). 

25 Another example is epoxidized soybean oil. 

[0038] The epoxy resin is used in combination with a curing agent. As examples of the curing agent, there are aro- 
matic amines with active hydrogen such as 4,4'-diaminodiphenylmethane, 4,4'-diaminodiphenylsulphone, 3,3'-diamin- 
odiphenylsulphone, m-phenylenediamine, m-xylylenediamine and the like, aliphatic amines with active hydrogen such 
as diethylenetriamine, triethylenetetramine, isophoronediamine, bis(aminomethyl)norbornane, bis(4-aminocy- 

30 clohexyl)methane, polyethyleneimine dimer acid ester and the like, modified amines obtained by the reaction of these 
active hydrogen-containing amines with an epoxy compound, acrylonitrile, phenol and formaldehyde, thiourea and the 
like, tertiary amines without active hydrogen such as dimethylaniline, dimethylbenzylamine, 2,4,6-tris(dimethylami- 
nomethy!)phenol and 1 -substituted imidazole, dicyandiamide, tetramethylguanidine, carboxylic acid anhydrides such as 
hexahydrophthalic anhydride, tetrahydrophthalic anhydride, methylhexahydrophthaiic anhydride, methylnadic anhy- 

35 dride and the like, polycarboxylic acid hydrazides such as adipic acid hydrazide and naphthalenedicarboxylic acid 
hydrazide, polyphenol compounds such as novolak resins, polymercaptans such as the esters of thiogtycolic acids and 
polyols, Lewis acid complexes such as boron trrf luoride ethylamine complex, and aromatic sulphonium salts. 
[0039] These curing agents can be combined with suitable curing auxiliaries to increase the curing activity. Preferred 
examples thereof are the combination of a urea derivative such as 3-phenyl-1,1-dimethylurea, 3-(3,4-dichlorophenyl)- 

40 1,1-dimethylurea (DCMU), 3-(3-chloro-4-methylphenyl)-1,1-dimethylurea or 2,4-bis(3,3<limethylureido)toluene as a 
curing auxiliary with dicyandiamide. and the combination of a tertiary amine as a curing auxiliary with a carboxylic acid 
anhydride or novolak resin. The compounds used as curing auxiliaries often have the capacity to cure epoxy resins by 
themselves. 

[0040] Where component (A) is an epoxy resin, the following are preferred examples of the functional group in com- 
45 ponent (B) which can react with (A) or with its curing agent. They include functional groups which can react with the 
epoxy resin such as the carboxyl group, phenolic hydroxyl group, amino group, secondary amine structure, mercapto 
group and epoxy group. 

[0041] As compounds with one group selected from the carboxyl group, phenolic hydroxyl group, amino group, sec- 
ondary amine structure, mercapto group and epoxy group, there can be used those represented by general formula (6) 
50 or (7) below. 

R l -N-X"(Y)n-(R')iD-Z 

I ( 6 ) 



7 



(Here, X represents one of the following, 
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where Fr represents an alky! group or aryl group. 

Y represents -O- or NR 5 -, where R 5 represents an alkyl group or aryl group, and n represents 0 or 1 . 

R 1 represents a divalent group derived from a hydrocarbon, and m represents 0 or 1 . 

Z represents a carboxyl group, phenolic hydroxy! group, amino group, mercapto group, -NHR 6 or 

R 7 R a 
) I i 
- N H -C-C-R' 



where R 6 , R 7 , R 8 and R 9 each represent hydrogen, an alkyl group or an aryl group. 

R 2 represents hydrogen, an alkyl group or an aryl group, R 3 represents hydrogen, an alkyl group, aryl group, - 
WR 10 , -W-OR 11 or -W-NR 12 R 13 . where R 10 and R 11 each represent an alkyl group or an aryl group, R 12 and R 13 
each represent hydrogen, an alkyl group or an aryl group, and W represents -CO- or -S0 2 -. 

[0042] The aforesaid alkyl groups, aryl groups and R 1 may also have substituent groups selected from alkyl groups, 
aryl groups, halogens and alkoxy groups. In addition, any two of R 1 , R 2 , R 3 R 5 and R 6 may form a ring.) 

R ,$ - (O)n- X — N — ( R 1 *) 2 

R 1 " (?) 



(Here, X represents one of the following, 



O . O 

II 0 

- c - - S - - P - 

II II I 
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where R 17 represents an alkyi group or aryi group, and n represents 0 or 1 . 



5 



R 14 represents a divalent group derived from a hydrocarbon, and m represents 0 or 1. 

Z represents a carboxyl group, phenolic hydroxy! group, amino group, mercapto group, -NHR 18 or 
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where R 18 , R 19 , R 20 and R 21 each represent hydrogen, an alkyi group or an aryi group. R 15 represents an alkyl 
group or an aryi group, and R 16 represents hydrogen, an alkyl group, aryi group or acyl group. 

[0043] The aforesaid alkyl groups, aryi groups and R 14 may also have substituent groups selected from alkyl groups, 
25 aryi groups, halogens and alkoxy groups. In addition, any two of R 14 R 15 , R 16 and R 18 may form a ring.) 

[0044] As specific examples of the compounds represented by general formula (6) having one carboxyl group, there 

are oxamic acid, succinamidic acid, 2-(phenylcarbamoyioxy)propionic acid and 5-hydantoinacetic acid. 

[0045] As specific examples of the compounds represented by general formula (7) having one carboxyl group, there 

are N-acetylglycine. N-acetylalanine, 4-acetamidobenzoic acid, N-acetylanthranilic acid, 4-acetamidobutyric acid, 6- 
30 acetamidohexanoic acid, hippuric acid, pyroglutamic acid, N-tosylglycine and N-dimethylphosphinoylglycine. 

[0046] As specific examples of the compounds represented by general formula (6) having one phenolic hydraxyl 

group, there are salicylamide, 4-hydroxybenzamide and 4-hydroxyphenylacetamide. 

[0047] As specific examples of the compounds represented by general formula (7) having one phenolic hydraxyl 
group, there are 4-hydroxyacetanilide, 3-hydroxyacetanilide and N-acetyltyramine. 
35 [0048] As specific examples of the compounds represented by general formula (6) having one amino group, there are 
4-aminobenzamide, 3-aminobenzamide, 4-aminobutyramide, 6-aminohexanoamide, 3-aminophthalimide, 4-aminoph- 
thalimide, sulphanilamide, 1-butyl-3-sulphanilylurea, asulam, Fast Red ITR base, FGL base and 2-amino-N-ethyl-N- 
phenylbenzenesulphonamide. 

[0049] As specific examples of the compounds represented by general formula (7) having one amino group, there are 
40 4'-aminoacetanilide, 4'-amino-N-methylacetanilide and 3*-aminopropionanilide. 

[0050] As specific examples of the compounds represented by general formula (6) having one secondary amine 
structure, there are nipecotamide, N,N-diethylnipecotamide and isonipecotamide. 

[0051] As specific examples of the compounds represented by general formula (7) having one secondary amine 
structure, there are 1-acetylpiperazine and 1-tosylpiperazine. 
45 [0052] As specific examples of the compounds represented by general formula (7) having one mercapto group, there 
are 4-acetamidothiophenol and N-(2-mercaptoethyl)acetamide. 

[0053] As specific examples of the compounds represented by general formula (6) having one epoxy group, there are 
glycidamide, N-phenylglycidamide, N,N-diethylglycidamide, N-methoxymethylglycidamide, N-hydroxymethylglycidam- 
ide, 2,3-epoxy-3-methylbLrtyramide, 2,3-epoxy-2-methylpropionamide and 9,10-epoxystearamide. 
so [0054] As a specific example of the compounds represented by general formula (7) having one epoxy group, there is 
N-glycidylphthalimide. 

[0055] As well as the compounds represented by general formulae (6) and (7) above, as compounds with one amino 
group there are hydrazides, specific examples of which are acetohydrazide, benzohydrazide, 3-aminorhodanine and 
benzenesulphohydrazide. 

55 [0056] A double bond conjugated with a carbonyl group is an example of a functional group which can react with the 
curing agent. The carbonyl group and conjugated double bond undergo a Michael type addition reaction with amino or 
mercapto groups in the curing agent. 

[0057] As compounds with one double bond conjugated with a carbonyl group, there are the compounds represented 
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by general formulae (8) or (9). 

R"-N-X-<Y>n-R"-0-C-C-C-R» 
i" 0 R"R" 



(Here, X represents one of the following 

O O 

II il 

-c- -s- -P- 

II II I 

O , O R li 



where R 28 represents an alkyl group or aryl group. 

Y represents -0- or -NR 29 -, where R 29 represents an alkyl group or aryl group, and n is 0 or 1 . 

R 22 represents a divalent group derived from a hydrocarbon, 

R 23 , R 24 and R 25 each represent hydrogen, an alkyl group or an aryl group, 

R 26 represents hydrogen, an alkyl group or an aryl group, R 27 represents hydrogen, an alkyl group, an aryl group, 
-WR 30 , -W-OR 31 or -W-NR 32 R 33 , where R 30 and R 31 represent an alkyl group or aryl group, R 32 and R 33 represent 
hydrogen, an alkyl group or aryl group, and W represents -CO- or -S0 2 -. 

[0058] The aforesaid alkyl groups, aryl groups and R 18 may also have substituent groups selected from alkyl groups, 
aryl groups, halogens and alkoxy groups. In addition, any two of R 22 , R 23 , R 24 . R 25 , R 26 , R 27 , and R 29 may form a ring.) 

R ,, -(O)n-X-N-R 14 -0-C-C = C^R 37 

I II I I (9) 

R" 0 R ** R ** 



(Here. X represents any of the following, 



O O 

U D 

- c - -s- - P - 

II o i 

O . O R 4S 



where R 40 represents an alkyl group or aryl group, and n represents 0 or 1. 
R 34 represents a divalent group derived from a hydrocarbon. 
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R 35 , R 36 and R 37 each represent hydrogen, an alkyl group or an aryl group. 

R 38 represents an alkyl group or aryt group, and R 39 represents hydrogen, an alkyl group, an aryl group or an acyl 
group. 

[0059] The aforesaid alkyl groups, aryl groups and R 34 may also have substituent groups selected from alkyl groups, 
aryl groups, halogens and alkoxy groups. In addition, any two of R 34 , R 35 , R 36 , R 37 , R 38 and R 39 may form a ring.) 
[0060] Furthermore, in the compound with one double bond conjugated with a carbonyl group, the carbonyl group 
conjugated with the double bond may also be the same as the carbonyl group of the structure represented by general 
formula (1). That is to say, the compound may also have a moiety represented by formula (5). 

>N-C-C=C- 

.'II I I (5) 
O 



[0061 ] As a compound with a moiety represented by formula (5), there can be used a compound represented by gen- 
eral formula (10). 

R N - C - C = C - R 41 

I I I I do) 

R 45 0 R 4, R 41 



(Here, R 41 , R 42 and R 43 each represent hydrogen, an alkyl group or an aryl group. 

R 44 represents hydrogen, an alkyl group or an aryl group, and R 45 represents hydrogen, an alkyl group, an aryl 
group, -WR 46 , -W-OR 47 or -W-NR 48 R 49 , where R 46 and R 47 each represent an alkyl group or aryl group, R 48 and 
R 49 each represent hydrogen, an alkyl group or an aryl group, and W represents -CO- or -S0 2 -. 

[0062] The aforesaid alkyl groups and aryl groups may also have substituent groups selected from alkyl groups, aryl 
groups, halogens and alkoxy groups. In addition, any two of R 41 , R 42 , R 43 , R 44 and R 45 may form a ring.) 
[0063] As the compound with a moiety represented by formula (5), it is also possible to use maleimide or a maleimide 
derivative having an alkyl group or aryl group as a substituent. 

[0064] Specific examples of the compounds represented by general formula (8) are 2-(phenylcarbamoyloxy)ethyl 
methacrylate, 2-(methacryloyloxy)propionamide, 2-(phenylureido)ethyl methacrylate, lactamide acrylate, lactamide 
methacrylate, 2-(dimethylthiocarbamoyloxy)ethyl methacrylate and 2-(tosylcarbamoyloxy)ethyl methacrylate. 
[0065] Specific examples of the compounds represented by general formula (9) are 2-(methoxycarbonylamino)ethyl 
methacrylate and 2-(phenoxycarbonylamino)ethyl methacrylate. 

[0066] Specific examples of the compounds represented by general formula (10) are acrylamide, methacrylamide, 
crotonamide, cinnamamide, N,N-dimethylacrylamide, N.N-diethylacrylamide, N-tert-butylacrylamide, N-isopropylacry- 
lamide, N-butylacrylamide, N-hydroxymethylacrylamide, N-methoxymethylacrylamide, diacetone acrylamide, 1-acry- 
loylmorpholine, 1 ,2,3,6-tetrahydrophthalimide and nadimide. 

[0067] As maleimide derivatives with an alkyl or aryl substituent group, there are N-ethylmaleimide, N-isopropylmale- 
imide and N-phenylmaleimide. 

[0068] Where there is a low blended amount of component (B) in the case where component (A) is an epoxy resin, 
there is little adhesion improvement effect, while if the amount is high then the heat resistance of the cured material is 
reduced. Thus, the blended proportion of component (B), per 100 parts by weight of the epoxy resin which constitutes 
component (A), needs to be from 0.5 to 20 parts by weight, with the range 0.5 to 1 5 parts by weight being preferred and 
0.5 to 5 parts by weight being further preferred. 

[0069] A compound with a plurality of polymerizable unsaturated bonds is also favourably employed as the thermo- 
setting resin used in the thermosetting resin composition for fibre reinforced composite materials of the present inven- 
tion. A compound with ester linkages is preferably used as this compound with a plurality of polymerizable unsaturated 
bonds in the molecule. 

[0070] A first specific example of such a component (A) having ester linkages is an unsaturated polyester resin. 
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Unsaturated polyester resins are polyesters based on a polycarboxylic acid with a polyrrierizable unsaturated bond or 
derivative thereof (an ester or anhydride) as the raw material. They are obtained, for example, by the polymerization of 
the polycarboxylic acid with a polymerizable unsaturated bond, or derivative thereof, and a polyol, in certain cases with 
the addition of a polycarboxylic acid which does not have a polymerizable unsaturated bond or derivative thereof. 
5 [0071 ] As the polycarboxylic acid with a polymerizable unsaturated bond referred to here, there can be used one or 
more of maleic acid, fumaric acid, itaconic acid, tetrahydrophthalic acid, methyttetrahydrophthalic acid, nadic acid and 
HETacid. 

[0072] As the polycarboxylic acid without a polymerizable unsaturated bond, there can be used, for example, phthalic 
acid, isophthalic acid, terephthalic acid, adipic acid, sebacic acid or a derivative of these. 
10 [0073] As the polyol raw material of the unsaturated polyester resin, there can be used ethylene glycol, propylene gly- 
col, diethylene glycol, dipropylene glycol, neopentyl glycol, 1,3-butanediol, 1.6-hexanediol, bisphenol A, tetrabromobi- 
sphenol A, hydrogenated bisphenol A, dibromoneopentylglycol, bisphenol A/propyiene oxide adduct. pentaerythritol 
diallyl ether and the like. 

[0074] Unsaturated polyester resins are marketed as a pure product or as a solution diluted with styrene or the like. 

is [0075] As examples of commercially available pure products, there can be used "Atlac" 382E, "Dion" 6694G, and 
"Atlac" 711 A (made by Reichold Chemicals Inc.) and, as examples of styrene solutions, there can be used "Upica" 
5524P (made by Nippon Upica), "Polylite" FG-104 (made by Dainippon Ink & Chemicals Inc.), "Estar" R21 10 (made by 
Mitsui Toatsu Chemicals Inc.), "Epolac" G-110AL (made by the Nippon Shokubai Co.), "Polymal" P-503 (made by 
Takeda Chemical Industries Ltd.), "Rigolac" 1557 (made by the Showa Highpolymer Co.) and "Polyset" 6120 (made by 

20 Hitachi Chemical Co. Ltd.). 

[0076] A second specific example of a component (A) with ester linkages is a vinyl ester resin. As vinyl ester resins, 
there can be used the ester compounds obtained by the addition of a monocarboxylic acid with a polymerizable unsatu- 
rated bond to a compound with a plurality of epoxy groups (an epcxy resin). 

[0077] As the epoxy resin raw material of the vinyl ester resin, there can be used bisphenol A diglycidyl ether, tetrab- 
25 romobisphenol A diglycidyl ether, resorcinol diglycidyl ether, novolak diglycidyl ether, phthalic acid diglycidyl ester, tet- 
raglycidyl-m-phenylenediamine or the like. 

[0078] As the monocarboxylic acid with a polymerizable unsaturated bond which comprises a raw material for the 
vinyl ester resin, there can be used acrylic acid or methacrylic acid. 

[0079] An alternative known method for the synthesis of a vinyl ester resin is the method of reacting gfycidyl acrylate 
30 or glycidyl methacrylate with a polyphenol or amine compound. For example, if glycidyl methacrylate is reacted with 
bisphenol A, there is obtained the same reaction product as the reaction product of bisphenol A diglycidyl ether and 
methacrylic acid. 

[0080] Vinyl ester resins are marketed as pure products or as solutions diluted with styrene or the like. As examples 
of vinyl esters based on bisphenol A diglycidyl ether as the raw material, there are the pure products "Epoxyester" 
35 3000A and "Epoxyester" 3000M (made by the Kyoeisha Chemical Co.) and the styrene solutions "Ripoxy" R-803 (made 
by the Showa Highpolymer Co.), "Neopol" 8250 (made by Nippon Upica), "Estar" H6700 (made by Mitsui Toatsu Chem- 
icals Inc.) and "Derakane" 41 1 -45 (made by Dow Plastics). 

[0081 ] As examples of styrene solutions of vinyl esters based on a novolak glycidyl ether as raw material, there can 
be used "Ripoxy" H-600 (made by the Showa Highpolymer Co.), "Neopol" 841 1 (made by Nippon Upica), "Estar" H8100 
40 (made by Mitsui Toatsu Chemicals Inc.) and "Derakane" 470-300 (made by Dow Plastics). 

[0082] As examples of styrene solutions of vinyl esters based on tetrabromobisphenol A diglycidyl ether as raw mate- 
rial, there can be used "Ripoxy" S-510 (made by the Showa Highpolymer Co.), "Neopol" 8190 (made by Nippon Upica) 
and "Derakane" 510A-40 (made by Dow Plastics). 

[0083] A third specific example of component (A) with ester linkages is an allyl resin. Allyl resins are ally! esters of 
45 polycarboxylic acids or oligomers thereof. As the polycarboxylic acid, there is used phthalic acid, isophthalic acid, tetra- 
bromophthalic acid or the like. Diallyl phthalate and diallyl isophthalate are marketed by the Osaka Soda Co. 
[0084] Besides these, 1 ,6-hexanediol diacrylate, trimethylolpropane triacrylate and the like can also be used as com- 
ponent (A) with ester linkages. 

[0085] Furthermore, as component (A) without ester linkages, there can be used triallyl isocyanurate, divinylbenzene 
so and the like. 

[0086] In the case where compositional element (A) is a compound with a plurality of polymerizable unsaturated 
bonds in the molecule, there is used as component (B) a compound having one polymerizable unsaturated bond and 
one or more moiety selected from formulae (1) to (4) in the molecule. 

[0087] A compound with a structure represented by formula (5) is preferably used as said component (B). 
55 [0088] As the compound with a structure represented by formula (5), there can be used a compound represented by 
general formula (10), or maleimide or a maleimide derivative having an alky] group or aryl group subst'rtuent. 
[0089] As said component (B), there can also be used the compounds represented by general formulae (8), (9) and 
(11). 
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where R 53 represents an alkyl group or aryl group. 
R 50 represents an alkenyl group, 

R 51 represents hydrogen, an alkyl group, an aryl group, -WR 54 , -W-OR 55 or -W-NR^R 57 , where R 54 and R 55 each 
represent an alkyl group or aryl group, R 56 and R 57 each represent hydrogen, an alkyl group or an aryl group, and 
W represents -CO- or -S0 2 -- 

R 52 represents an alkyl group, an aryl group, -OR 58 or -NR^R 60 . R 58 represents an alkyl group or an aryl group, 
R 59 represents hydrogen, an alkyl group or an aryl group, R 60 represents hydrogen, an alkyl group, an aryl group, 
-VR 61 , -V-OR 62 or -V-NR 63 R 64 , where R 61 and R 62 each represent an alkyl group or aryl group, R 63 and R 64 each 
represent hydrogen, an alkyl group or aryl group, and V represents -CO- or -S0 2 . 

[0090] The aforesaid alkyl groups, aryl groups and alkylene groups may also have substituent groups selected from 
alkyl groups, aryl groups, halogens and alkoxy groups. In addition, any two of R 50 , R 51 and R 52 may form a ring.) 
[0091] As specific examples of the compounds represented by general formula (1 1), there are N-allylacetamide, N- 
allylbenzamide, N-vinylpyrrolidone, N-allylsuccinimide, allylurea, l-allyl-3-phenyiurea, 1-allylhydantoin, phenyl allylcar- 
bamate, allylthiourea, N-allyttoluenesulphonamide, methanesuiphinic acid allyl amide. 
[0092] There can also be used, as component (B), allyl phenylcarbamate, acrolein semicarbazone and the like 
[0093] In the case where component (A) is a compound with a plurality of polymerizable unsaturated bonds in the 
molecule, the thermoplastic resin composition for fibre reinforced composite materials of the present invention can con- 
tain a component (F), which is a polymerizable monomer having one polymerizable unsaturated bond in the molecule 
but which, unlike component (B), does not contain a structure selected from the formulae (1 ) to (4). Said component (F) 
is a useful component for adjustment of the viscosity. As specific examples of component (F), there are styrene, vinyl- 
toluene, chlorostyrene, methyl methacrylate, butyl methacrylate and the like. Of these, styrene is preferably employed. 
[0094] The preferred blending ratios of components (A), (B) and (E) in the thermosetting resin composition in the case 
where component (F) is employed are as follows. 

(A) /[(A)(B) + (F)] = 0.3to0.8 

(B) /[(A)(B) + (F)] = 0.05to0.4 
(E)/[(A)(B) + (F)] = 0to0.6 

[0095] In the case where component (A) is a compound containing a plurality of polymerizable unsaturated bonds in 
the molecule, the thermosetting resin composition for fibre reinforced composite materials of the present invention will 
contain a component (D), namely a thermolytic polymerization initiator. This undergoes decomposition by thermal reac- 
tion, generating radicals, and has the function of initiating the radical polymerization of components (A), (B) and (F). 
Organic peroxides are preferably used as said component (D). Reference here to an organic peroxide is to an organic 
compound having an oxygen-oxygen bond. 

[0096] There can be used as said organic peroxide, for example, benzoyl peroxide, methyl ethyl ketone peroxide, 
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cyclohexanone peroxide, methyl acetoacetate peroxide, acetylacetone peroxide, cumene hydroperoxide, dicumyl per- 
oxide, 1,1-bis(t-butylperoxy)-3,3 t 5-trimelhylcyclohexane, bis(4-t-butylcyclohexyl)peroxydicarbonate, t-butyl peroxyben- 
zoate, t-butyl peroxybenzoate, t-butyl peroxypivalate, t-butyl-peroxy-2-ethylhexanoate or t-butylhydroperoxide. 
[0097] As well as the aforesaid organic peroxides, azo compounds such as azobisisobutyronitrile and 2,2-azobis(4- 
methoxy-2,4-dimethytvaleronitrile) can also be used as said component (D). 

[0098] In the thermosetting resin composition of the present invention, along with component (D), there may be 
included component (E), which is an accelerator therefor. This component (E) is not an essential component but, when 
said component (E) is also present, the rate of decomposition of component (F) is considerably increased compared to 
when it is used alone. For example, in the case where the thermosetting resin composition is to be cured at a temper* 
ature of 80°C or below, a formulation employing both oomponent (D), which has comparatively good thermal stability, 
and component (E) is useful. 

[0099] As said component (E), there is preferably used a cobalt salt, for example cobalt naphthenate, cobalt octanoate 
or cobalt stearate. 

[0100] There can also be incorporated into the thermosetting resin composition of the present invention an accelera- 
tor auxiliary for controlling the acceleration action of component (E). As this accelerator auxiliary, there can be used 
acetylacetone, N,N-dimethylacetoacetamide, dimedone, dibenzoylmethane, 2-acetylcyclopentanone, ethyl acetoace- 
tate or other such 1,3-dicarbonyl compound, dimethylaniline or other such aromatic tertiary amine, triphenylphosphine 
or a metal (e.g. calcium, strontium, barium or manganese) salt of carboxylic acid. 

[0101] In the case where component (A) is a compound with a plurality of polymerizable unsaturated groups in the 
molecule, there can also be incorporated a polymerization inhibitor into the thermosetting resin composition of the 
present invention for the purposes of enhancing the storage stability and the period of possible use. As said polymeri- 
zation inhibitor, there can be used, for example, p-benzoquinone. 2,5-diphenyl-p-benzoquinone, hydroquinone, t-butyl- 
hydroquinone, trimethylhydroquinone, 2,5-di-t-butylhydroquinone, p-t-butylcatechol, t-butylhydroxyanisole (BHA) or di- 
t-butylhydroxytoluene (BHT). 

[01 02] Phenolic resins can also be used as component (A). As the phenolic resins, those with a hydroxymethyl group, 
that is to say resol resins, are preferably employed. In such circumstances, as component (B) there is preferably used 
a phenol derivative having a structure selected from formulae (1) to (4) in a substituent group. In this case, the benzene 
ring with a hydroxyl group corresponds to the functional group, which reacts with the resol resin. Specifically, there can 
be used salicylamide, 4-hydroxybenzamide, 4-hydroxyphenylacetamide, 4-hydroxyacetaniIide, 3-hydroxyacetanilide, N- 
acetyltyramine and the like. 

[0103] It is also possible to incorporate other components such as polymer compounds, organic or inorganic particles, 
dyes, surfactants, release agents, waxes and the like as optional components in the thermosetting resin composition of 
the present invention. 

[0104] As polymer compounds, thermoplastic resins are desirably used. By incorporating a thermoplastic resin, resin 
viscosity control, prepreg workability control, and the adhesion improving effect between matrix resin and reinforcing 
fibre are promoted. 

[0105] It is particularly preferred that the thermoplastic resin employed here has functional groups which undergo 
hydrogen bonding, in that there can be expected a synergistic effect in terms of the improvement in adhesion to the rein- 
forcing fibre, which is the objective of the invention. 

[0106] Examples of hydrogen bonding groups are the alcoholic hydroxyl group, the amide linkage and the sulphonyl 
group. 

[0107] As examples of thermoplastic resins with alcoholic hydroxyl groups, there are polyvinyl acetal resins such as 
polyvinyl formal and polyvinyl butyral, polyvinyl alcohol and phenoxy resins; as examples of thermoplastic resins with 
amide linkages, there are polyamides and polyimides; and as an example of thermoplastic resins with sulphonyl 
groups, there are polysulphones. The polyamides, polyimides and polysuiphones may also have functional groups such 
as ether linkages and carbonyl groups in the main chain. In the case of polyamides, the amide group nitrogen atom may 
have a substituent group. 

[01 08] As examples of commercial thermoplastic resin products which are epoxy resin-soluble and which have hydro- 
gen bonding groups, there are, in the case of the polyvinyl acetal resins, "Denka Butyral" and "Denka Formal" (made 
by Denki Kagaku Kogyo K.K.) and "Vinylek" (made by the Chisso Corp.); in the case of phenoxy resins, "UCAR" PKHP 
(made by Union Carbide); in the case of polyamide resins, "Macromelt" (made by the Henkel Hakusui Corp.) and "Ami- 
Ian" CM4000 (made by Toray Industries); in the case of polyimides, "Uftem" (made by General Electric) and "Matrimid" 
5218 (made by Ciba); and in the case of polysulphones, "Victrex" (made by Mitsui Toatsu Chemicals Inc.) and "Udel" 
(made by Union Carbide). 

[0109] Where there is included a thermoplastic resin, using from 1 to 20 parts by weight thereof per 100 parts by 
weight of the thermosetting resin (A) is preferred in terms of providing suitable viscoelasticity and obtaining good com- 
posite material properties. 

[01 1 0] Rubber particles and thermoplastic resin particles are used as the organic particles incorporated into the ther- 
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mosetting resin composition of the present invention. These particles have the effect of enhancing the resin toughness 
and raising the impact resistance of the f tore reinforced composite materiai. 

[0111] Crosslinked rubber particles, and core-shell rubber particles in which some other polymer has been graft 
polymerized to the surface of crosslinked rubber particles, are preferably used as the rubber particles. 
s [01 1 2] As examples of commercial crosslinked rubber particles, there are XER-91 (made by the Japan Synthetic Rub- 
ber Co.) which comprises a carboxyl-modified butadiene-acrylonitrile crosslinked copolymer, and the CX-MN series 
(made by Nippon Shokubai Co.) and the YR-500 series (made by the Tohto Kasei Co.) which comprise acrylic rubber 
fine particles. 

[0113] As examples of commercial core-shell rubber particles, there are "Paraloid" EXL-2655 (made by the Kureha 
w Chemical Industry Co.) which comprises a butadiene/alkyl methacrylate/styrene copolymer, "Staphyloid" AC-3355 and 
TR-2122 (made by Takeda Chemical Industries) which are acrylate ester/methacrylate ester copolymers, and "Par- 
aloid" EXL-261 1 and EXL-3387 (made by Rohm & Haas) which comprise a butyl acrytate/methyl methacrylate copoly- 
mer. 

[0114] Polyamide or poiyimide particle are preferably used as the thermoplastic resin particles. As examples of com- 
15 mercial polyamide particles, there are SP-500 made by Toray and "Orgasol" made by Atochem. 

[0115] As inorganic particles, there can be incorporated silica, alumina, smectite, synthetic mica and the like. These 
inorganic particle are incorporated primarily for the purpose of rheology control, that is to say for raising the viscosity or 
conferring plasticity or thixotropy. 

[01 1 6] Organic and inorganic particles are also incorporated for the purposes of coloration. 

20 [01 1 7] In order to raise the 0° compressive strength or the 90° tensile strength of the fibre reinforced composite mate- 
rial, rt is preferred that, as well as raising the viscosity between the resin and reinforcing fibre, the elastic modulus and 
tensile elongation of the cured resin composition also be high. The f lexural modulus of the cured materiai is preferably 
at least 3.2 GPa, with at least 3.5 GPa being still further preferred. Again, the tensile elongation of the cured material is 
preferably at least 8%, with at least 10% being still further preferred. 

25 [01 1 8] Carbon fibre is used as the reinforcing fibre in the fibre reinforced composite materials of the present invention 
but there is no objection to using a mixture with glass fibre, aramid fibre, boron f tore, alumina fibre, silicon carbide fibre 
or the like, or a mixture with more than one type of these. However, it is preferred that the reinforcing fibre be mainly 
carbon fibre in order to obtain moulded articles of lower weight and higher durability. Moreover, in order to produce still 
lighter sports equipment such as golf shafts and fishing rods, it is preferred that a high modulus carbon fibre be used in 

30 the prepreg so that sufficient product stiffness is achieved with a small amount of the material. It is preferred that the 
elastic modulus of such carbon fibre be at least 200 GPa, with from 210 to 800 GPa being still further preferred. 
[0119] Various known methods are used in the production of the fibre reinforced composite materials of the present 
invention. 

[0120] As a method which is suitable for the production of sports equipment such as golf shafts, fishing rods, rackets 
35 and the like, or for the component parts of aircraft and artificial satellites, there is the method of preparing a prepreg by 
the impregnation of the reinforcing fibre with the epoxy resin composition, then laminating this prepreg and heating and 
curing, to obtain the fibre reinforced composite material. 

[0121] The form and the arrangement of the reinforcing fibre used in the prepreg is not particularly restricted and there 
can be used, for example, unidirectionally coliimated continuous fibre, single tow, woven fabric, mat, knit, braid or the 
40 like. 

[0122] The prepreg can be produced by, for example, the wet method in which the thermosetting resin composition is 
dissolved in a solvent such as methyl ethyl ketone or methanol, to lower the viscosity, after which impregnation is 
effected, or by the hot melt method in which the viscosity of the resin is lowered by heating and then impregnation 
effected. 

45 [0123] The wet method is a method in which, following the impregnation of the reinforcing fibre with the epoxy resin 
of reduced viscosity, it is withdrawn and the solvent evaporated off using an oven or the like. 
[0124] In the hot melt method, the prepreg is produced either by directly impregnating the reinforcing ffore with the 
epoxy resin composition which has been heated to reduce its viscosity, or alternatively coated film of the epoxy resin 
composition is firstly produced on release paper or the like, and then said film placed on one or both sides of the rein- 
so forcing fibre and heat and pressure applied to effect impregnation of the resin. The hot melt method is preferred in that 
there is no residual solvent in the prepreg. 

[0125] The moulding of the composite using the prepreg can be carried out for example by laminating of the prepreg, 
after which the resin is heated and cured while applying pressure to the laminated material. 
[0126] For the purposes of applying heat and pressure, there can be used the press method, autoclave method, bag- 
55 ging method, wrapping tape method or internal pressure method, with the wrapping tape method and the internal pres- 
sure method being particularly preferred for sports equipment. 

[0127] The wrapping tape method is a method in which the prepreg is wound onto a mandrel or the like, to form a 
cylindrical^ shaped article, and this method is preferably used when producing rod-shaped bodies such as a golf shaft 
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or fishing rod. Specifically, the prepreg is wound around the mandrel and then, in order to fix the prepreg and apply 
pressure, wrapping tape comprising a thermoplastic film is wound around the outside of the prepreg. After heating and 
curing the resin in an oven, the mandrel is removed and a cylindrically-shaped moulded body obtained. 
[0128] The interna) pressure method is a method in which a preform, produced by winding a prepreg onto a bladder 
5 comprising a thermoplastic resin tube or the like, is set in a mould and then, at the same time as applying pressure by 
the introduction of a high pressure gas into the bladder, the mould is heated and moulding performed. This method is 
suitably used for the moulding of complex shaped articles such as golf shafts, bats, and tennis, badminton and other 
types of racket. 

[0129] When using the thermosetting resin composition of the present invention for a prepreg, if the viscosity is low 
w then prepreg shape retention is difficult or suitable tackiness is not obtained. Again, if the viscosity is high, the complex 
viscosity in the case where dynamic viscoelasticity measurement is carried out at 25°C and 0.5 Hz is preferably from 
10,000 to 300,000 Pa.s, with the range from 50,000 to 300,000 being still further preferred. 

[0130] Furthermore, fbre reinforced composite materials can also be prepared by methods which do not employ a 
prepreg, whereby the reinforcing fibre is directly impregnated with the thermosetting resin composition of the present 
15 invention and then heating and curing performed, for example by means of a moulding method such as a hand lay-up 
method, filament winding method, purtrusion method or liquid composite moulding method. With these, the thermoset- 
ting resin composition can be prepared directly before use. 

[01 31 ] Liquid composite moulding methods are methods for producing a fibre reinforced composite material by inject- 
ing the thermosetting resin composition in the liquid state into a preform comprising the reinforcing fibre. On account of 
20 their good productivity and the fact that it is possible to mould complex-shaped members, these are important moulding 
methods industrially. Liquid composite moulding methods include the RTM method, the SRIM method, the VaRTM 
method and the SCRIMP method, etc. 

[0132] In cases where the thermosetting resin composition of the present invention is used in a liquid composite 
moulding method, a low viscosity is preferred. This is because, if the viscosity is high, the injection takes time and pro- 

25 ductivity is lowered. Moreover, if the injection takes too long a time, the resin viscosity increases due to thermal reaction 
during the injection process and the resin fluidity is impaired, so that the moulding itself becomes impossible. In the 
measurement of the viscosity of such low viscosity resins, it is appropriate to use a rotational viscometer. Specifically, 
the-viscosity measured at 25°C and 60 rpm using a rotational viscometer is preferably from 0.01 to 1.0 Pa.s and more 
preferably from 0.01 to 0.7 Pa.s. 

30 [01 33] Again, in the case where the thermosetting resin composition of the present invention is used in a liquid com- 
posite moulding method, ideally it is a Newtonian fluid and it is preferred that the shear rate dependency of the apparent 
viscosity be low. Moreover, it is also preferred that the thixotropy, that is to say the property whereby the apparent vis- 
cosity depends on the shear rate history, be low. Consequently, it is preferred that it does not contain particles such as 
fumed silica, smectite or carbon black which enhance thixotropy. This is because resins of the kind where the apparent 

35 viscosity is markedly dependent on the shear rate or shear rate history take time to impregnate the preform, so unim- 
pregnated regions are readily produced. With regard to the shear rate dependency of the apparent viscosity, the ratio 
of the apparent viscosity measured using a rotational viscometer at 6 rpm to the apparent viscosity measured at 60 rpm 
is preferably no more than 2.0 and still more preferably no more than 1 .4. 

[0134] Moreover, in the case of the filament winding method and hand lay up method, impregnation is mostly carried 
40 out at room temperature so, in the same way, the viscosity measured at 25°C and 60 rpm using a rotational viscometer 
is preferably from 0.01 to 1 .0 Pa.s and more preferably from 0.01 to 0.7 Pa.s. 

[0135] Since there is outstanding adhesion between the reinforcing fibre and the matrix resin, the fibre reinforced 
composite materials of the present invention are outstanding in their various properties, as described below. 
[0136] The fibre reinforced composite materials of the present invention are outstanding in the 0° tensile strength of 
45 a unidirectional fibre reinforced composite material using continuous fbre. This effect is marked in the case where the 
elongation of the matrix resin is high. Tnis is because of the effect of preventing the propagation of microcracks due to 
local fbre fracture. 

[0137] The fbre reinforced composite materials of the present invention are outstanding in the 0° compressive 
strength and 0° flexural strength of a unidirectional fibre reinforced composite material using continuous fibre. This 
so effect is marked in the case where the modulus of the matrix resin is high. This is because of the effect of preventing 
Euler buckling of the reinforcing fibre. 

[0138] The fibre reinforced composite materials of the present invention are outstanding in the 90° tensile strength 
and 90° flexural strength of a unidirectional fibre reinforced composite material using continuous fibre. This effect is 
marked in the case where the elongation of the matrix resin is high. This is because of the effect of preventing separa- 
55 tion between the reinforcing fibre and matrix. 

[0139] The fibre reinforced composite materials of the present invention are outstanding in their shear strength, for 
example in their interlaminar shear strength and in-plane shear strength. This is because of the effect of preventing sep- 
aration between the reinforcing fibre and matrix. For the same reason, the mode II inter layer fracture toughness meas- 
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ured by the end notched flexure method is also excellent 

[0140] Even where the f tore reinforced composite materials of the present invention have a structure other than that 
of a unidirectional f tore reinforced composite material, or in the case of reinforcement with short fibre, they are generally 
outstanding in their tensile, compression, f lexural and shear strengths. 
5 [0141] In sports applications or general industrial applications, hollow cylindrically-shaped composite materials are 
often employed, and for these too striking effects are to be seen in their torsional strength and radial compressive 
strength. 

[0142] In the case of a f tore reinforced composite material in which the reinforcing fibre is short fibre, there is also the 
effect that, in addition to strength, the stiffness is improved. 
10 [0143] The fibre reinforced composite materials of the present invention are also outstanding in their impact resist- 
ance, for example in their Charpy impact strength and in their compressive strength after impact (CAI). 
[0144] The fibre reinforced composite materials of the present invention are favourably employed in sports applica- 
tions as golf shafts, fishing rods, tennis, badminton, squash and other rackets, hockey and other sticks, ski poles and 
the like. 

75 [0145] In aerospace applications, they are favourably employed as aircraft primary structural materials (main wings, 
tail wing, floor beam, etc), secondary structural materials (flap, aileron, cowl, fairing, interior trim, etc), rocket motor 
cases, structural materials for artificial satellites, and the like. 

[0146] In general industrial applications, they are favourably employed as structural materials for moving bodies such 
as cars, boats and railway carriages, drive shafts, plate springs, wind turbine blades, pressure vessels, fly-wheels, 
20 papermaking rollers, civil engineering and building materials (roofing materials, cables, reinforcing bars, retrofitting 
materials) and the like. 

Examples 

25 [0147] Below, the present invention is explained in detail by means of examples. 

[0148] In Examples 1 to 1 1 and Comparative Examples 1 to 7, the measurement of the resin viscoelasticity and of 
the properties of the cured resin, the preparation of the prepreg, the preparation of the unidirectional composite mate- 
rial, the measurement of the properties of the unidirectional composite material, the preparation of the cylindrical com- 
posite material, and the measurement of the properties of the cylindrical composite material, were carried out as 

30 follows. Now, the measurements of the mechanical properties were all carried out in an environment of temperature 
23°C and relative humidity 50%. 

(1) Dynamic viscoelasticity measurement of the resin 

35 [0149] Using a Rheometrix Scientific Co. viscoelasticity measurement instrument ARES, the complex viscosity r\* was 
determined at a temperature of 25°C and at a frequency of 0.5 Hz. 

(2) Measurement of the properties of the cured resin 

40 A. Measurement of the tensile elongation 

[0150] The resin composition was heated to 80°C, poured into a mould, and then subjected to thermosetting for 2 
hours in a hot air dryer at 1 35°C to prepare a cured resin sheet of thickness 2 mm. Next, in accordance with JIS-K71 1 3, 
Type 1 (1/2) small-size test pieces were cut out from the cured resin sheet and the tensile elongation determined. 

45 

B. Measurement of the f lexural modulus 

[0151] From a cured resin sheet prepared in the same way as in A, test pieces of width 10 mm and length 60 mm 
were cut out. A three-point bending test was carried out at a testing rate of 2.5 mm and a span length of 32 mm, and 
so the flexural modulus determined in accordance with JIS-K7203. 

(3) Preparation of the prepreg 

[0152] The resin composition was applied onto release paper using a reverse roll coater, to prepare resin film. Next, 
55 carbon fibre Torayca" T800HB-1 2K-40B (made by Toray Industries Inc.) which had been unidrectionally arranged in the 
form of a sheet was interposed between two layers of the resin film, and then heat and pressure applied to effect 
impregnation of the resin composition. In this way, there was prepared a unidirectional prepreg of carbon fibre aerial 
weight 125 g/m 2 and resin content by weight 24%. 
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(4) Preparation of the unidirectional composite material 

[01 53] A specified number of sheets of the unidirectional prepreg were superimposed with the reinforcing fibre direc- 
tion the same in each case, and then curing carried out by applying heat and pressure for 2 hours in an autoclave at a 
5 temperature of 1 35°C and a pressure of 290 Pa, to produce a unidirectional composite material. 

(5) Measurement of the properties of the unidirectional composite material 
A. Measurement of the 0° compressive strength 

w 

[0154] Test pieces of width 12.7 mm and length 79.4 mm were prepared from a unidirectional composite material 
obtained by the laminating of 1 1 sheets of the unidirectional prepreg, and then the 0° compressive strength measured, 
in accordance with ASTM D690. 

is B. Measurement of the 90° tensile strength and the 90° elongation 

[0155] Test pieces of width 25.4 mm and length 38.1 mm were prepared from a unidirectional composite material 
obtained by the laminating of 22 sheets of the unidirectional prepreg. Then, tensile testing was carried out and the 90° 
tensile elongation and the 90° tensile strength measured, in accordance with ASTM D3039. 

20 

C. Measurement of the 0° interlaminar shear strength (ILSS) 

[0156] Test pieces of width 6.4 mm and length 14 mm were prepared from a unidirectional composite material 
obtained by the laminating of 22 sheets of the unidirectional prepreg. Then, a three-point bending test was carried out 
25 and measurement performed ofthe 0° interlaminar shear strength (ILSS), in accordance with ASTM D2344. 

(6) Preparation of a cylindrical composite material 

[0157] By the procedure described in (a) to (e) below, two types of cylindrical composite material of internal diameter 
30 6.3 mm and 10 mm respectively, and having a [0d±A5d laminate structure in terms of the cylinder axis direction, were 
prepared. As mandrels, there were used stainless steel round rods of diameter 6.3 mm and 1 0 mm (both of length 1 000 
mm). 

(a) From the unidirectional prepreg, two rectangular sheets were cut out of size 800 mm length x 68 mm width in 
35 the case of the mandrel of diameter 6.3 mm, and size 800 mm length x 103 mm width in the case of the mandrel 

of diameter 10 mm, such that the direction of the carbon fibre was at 45° to the mandrel axis direction. These two 
sheets were stuck together in such a way that the fibre direction mutually crossed, but staggered in the widthwise 
direction at 10 mm in the case of the mandrel of diameter 6.3 mm and at 16 mm in the case of the mandrel of diam- 
eter 10 mm (corresponding in each case to half the mandrel circumference). 

40 

(b) The mutually stuck-together prepreg was then wound onto the release-treated mandrel in such a way that the 
lengthwise direction of the prepreg matched the mandrel axial direction. 

(c) On top of this, prepreg which had been cut (with the direction of the fibre lying in the lengthwise direction) to a 
45 rectangular shape of 800 mm length x 77 mm width in the case of the mandrel of diameter 6.3 mm, and 800 mm 

length x 1 1 2 mm width in the case of the mandrel of diameter 1 0 mm, was wound around in such a way that prepreg 
lengthwise direction matched the mandrel axial direction. 

(d) Wrapping tape (heat resistant film tape) was then wound round and hot moulding carried out for 2 hours at 
so 1 30°C in a curing oven. 

(e) After moulding, the mandrel was extracted, then the wrapping tape removed, and the cylindrical composite 
material obtained. 

55 (7) Measurement of the properties of the cylindrical composite material 
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A. Measurement of the f iexural failure load 



[0158] Using the cylindrical composite material of internal diameter 10 mm, the f Iexural failure load was measured 
based on the three-point bending test described in "Qualification Standards and Standard Confirmation Methods for 
s Shafts for Golf Clubs" (Ed. by the Consumer Product Safety Committee. Minister for International Trade and Industry, 
Approval No. 5-SAN-2087, 1993). The span length was 300 mm and the testing rate was 5 mm/min. 



B. Measurement of the torsional strength 



10 [01 59] Test pieces of length 400 mm were cut from the cylindrical composite material of internal diameter 1 0 mm, and 
torsional testing carried out in accordance with the method described in "Qualification Standards and Standard Confir- 
mation Methods for Shafts for Golf Clubs" (Ed. by the Consumer Product Safety Committee, Minister for International 
Trade and Industry, Approval No. 5-SAN-2087, 1993). The test piece gauge length was made 300 mm, with 50 mm at 
each end of the test piece being gripped by the clamping jigs. The torsional strength was calculated from the following 

is formula. 



20 



torsional strength (N.m.deg) = failure torque (N.m) x angle of torsion at failure (deg) 

C. Measurement of the radial compressive failure load 

[0160] A test piece of length 15 mm was cut out from the cylindrical composite material of internal diameter 10 mm, 
then a compressive load applied in the radial direction of the cylinder via a flat stainless steel plate until failure occurred. 
The load at the time of failure was taken as the compressive failure load. The testing rate was 5 mm/min. 

25 D. Measurement of the Charpy impact absorption energy 

[0161] Charpy impact testing was conducted by the method described in JIS-K7077, excepting that there was used 
a cylindrical composite material as the test piece. A test piece of length 90 mm was cut from the cylindrical composite 
material of internal diameter 6.3 mm and then, using a span length of 40 mm, a hammer swing angle of 135° and a 
30 capacity 300 kg.cm, an impact was applied from a direction perpendicular to the cylinder axis direction and the 
absorbed energy measured. 

[01 62] Some examples and comparative examples will now be explained. References to 'parts' in these examples and 
comparative examples all denote 'parts by weight'. The examples and comparative examples are shown together in 
Table 1 and Table 2. 
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Example 1 

[0163] This shows an example of the use of N,N-dimethylacrylamide as component (B). 

[0164] The following raw materials were mixed together in a kneader and a resin composition obtained. 



40 



45 



50 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 

bisphenol A type epoxy resin ("Epikote" 1001 , made by Yuka Shell Epoxy K.K.) 

brominated bisphenol A type epoxy resin ("Epiclon" 152, made by Dainippon Ink & Chemicals Inc.) 

tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 

dicyandiamide (DICY7, made by Yuka Shell Epoxy K.K.) 

3-(3,4-dichlorophenyl)-1 , 1-dimethylurea 3 parts (DCMU99, made by the Hodogaya Chemical Co.) 
N,N-dimethy1acrylamide (made by the Kohjin Co.) 
polyvinyl formal ("Vinylek" K, made by the Chisso Corp.) 



40 parts 
40 parts 
10 parts 
10 parts 
5 parts 

5 parts 
7 parts 



55 



[0165] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 1. 
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Example 2 

[0166] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 

bisphenol A type epoxy resin ("Epikote" 1001, made by Yuka Shell Epoxy K.K.) 

brominated bisphenol A type epoxy resin fEpiclon" 152, made by Dainippon Ink & Chemicals Inc.) 

tetraglycidyidiaminodiphenylmethane fSumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 

dicyandiamide (DICY7, made by Yuka Shell Epoxy K.K.) 

3-(3,4<iichloropheny1)-1 , 1 -dimethylurea 3 parts (DCMU99, made by the Hodogaya Chemical Co.) 
N.N-dimethylacrylamide (made by the Kohjin Co.) 
polyvinyl formal CVinylek'' K, made by Chisso Corp.) 



40 parts 
40 parts 
10 parts 
10 parts 
5 parts 

3 parts 
7 parts 



[0167] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite materia! were prepared and their properties measured. The measurement 
results are shown in Table 1 . 

Example 3 

[0168] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 

bisphenol A type epoxy resin ("Epikote" 1001, made by Yuka Shell Epoxy K.K.) 

brominated bisphenol A type epoxy resin ("Epiclon" 152, made by Dainippon Ink & Chemicals Inc.) 

tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 

dicyandiamide (DICY7, made by Yuka Shell Epoxy K.K.) 

3-(3,4-dichlorophenyl)-1,1 -dimethylurea 3 parts (DCMU99r made by the Hodogaya Chemical Co.) 
N,N-dimethylacryiamide (made by the Kohjin Co.) 
polyvinyl formal ("Vinylek" K, made by Chisso Corp.) 



40 parts 
40 parts 
10 parts 
10 parts 
5 parts 

2 parts 
7 parts 



[0169] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 1 . 

Comparative Example 1 

[0170] This shows an example where there was used a resin composition comprising the components of the resin 
compositions in Examples 1 to 3 but with component (C) removed. 

[0171] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 
bisphenol A type epoxy resin ("Epikote" 1001 , made by Yuka Shell Epoxy K.K.) 



40 parts 
40 parts 
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(continued) 

brominated bisphenol A type epoxy resin ("Epiclon" 152, made by Dainippon Ink & Chemicals Inc.) 10 parts 
tetraglycidyldiaminodiphenylmethane fSumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 10 parts 
dicyandiamide (D ICY7, made by Yuka Shell Epoxy K. K.) 5 parts 

3-(3,4-dichlorophenyl)-1,1-dimethylurea 3 parts (DCMU99, made by the Hodogaya Chemical Co.) 
polyvinyl formal ("Vinylek" K, made by Chisso Corp.) 7 parts 



[0172] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 1 . The unidirectional composite material 0° compressive strength, 90° tensile strength, 90° 
tensile elongation and 0° interlaminar shear strength, and the cylindrical composite material flexural failure load, tor- 
sional strength, compressive failure load and Charpy impact absorption energy were all inferior when compared to 
Examples 1 to 3. 

Comparative Example 2 

[0173] This shows an example where, instead of component (B) in Examples 1 to 3, there was used a compound (N- 
octylpyrrolidone) containing an amide linkage but which does not contain a functional group which can react with the 
epoxy resin or its curing agent, 
v [0174] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 

bisphenol A type epoxy resin ("Epikote" 1001, made by Yuka Shell Epoxy K.K.) 

brominated bisphenol A type epoxy resin ("Epiclon" 152, made by Dainippon Ink & Chemicals Inc.) 

tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 

dicyandiamide (DICY7, made by Yuka Shell Epoxy K.K.) 

3-(3,4-dichlorophenyl)-1,1-dimethylurea 3 parts (DCMU99, made by the Hodogaya Chemical Co.) 

N-octylpyrrolidone (Aldrich Chemical Co.) 

polyvinyl formal ("Vinylek" K, made by the Chisso Corp.) 



40 parts 
40 parts 
10 parts 
10 parts 
5 parts 

5 parts 
7 parts 



[0175] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 1. The flexural modulus and tensile elongation of the cured resin, the 0° compressive 
strength, 90° tensile strength, 90° tensile elongation and 0° interlaminar shear strength of the unidirectional composite 
material, and the flexural failure load, torsional strength, compressive failure load and Charpy impact absorption energy 
of the cylindrical composite material were all inferior when compared to Examples 1 to 3. 



21 



EP 0 947 562 A1 



Table 1 



5 




Example 1 


Example 2 


Example 3 


Comp. 
Example 1 


Comp. 
Example 2 




Component (A) 














"Epikote* 828 


40 


40 


40 


40 


40 


10 


"Epikote" 1001 


40 


40 


40 


40 


40 


"Epiclon w 152 


10 


10 


10 


10 


10 




"Sumi-epoxy" ELM434 


10 


10 


10 


10 


10 




f, EpikDte w YX4000H 


10 


10 


10 


10 


10 


15 


Component (B) 














dicyandiamide (curing auxiliary) 


5 


5 


5 


5 


5 
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3-(3,4-dichiorophenyl-1 , 1 -dimethylu- 
rea) 


3 


3 


3 


3 


3 


Component (C) 














N,N-dimethylacrylamide 


5 


3 


2 








acrylamide 












25 


acryloylmorpholine 

N-hydroxymethylacrylamide 

N-glycidyiphthalimide 


- 

; 

- 










30 


p-hydroxyphenylacetamide 


- 










Compound with an amide group but no 
reactive functional group 














N-octylpyrrolidone 


- 


- 


- 


- 


5 


35 


Thermoplastic resin (polyvinyl formal) 












"Vinylek" K 


7 


7 


7 


7 


7 




Complex viscosity of resin (Pa.s) 


1.2 x10 4 


1.0 x10 5 


1.9 x10 4 


2.7 x10 5 


5.3 x10 4 




Properties of the cured resin 












40 


f lexural modulus (GPa) 


3.6 


3.5 


3.4 


3.2 


3.0 




tensile elongation (%) 


10.0 


10.5 


10.3 


10.5 


5.3 


45 


Properties of the unidirectional com- 
posite 












0° compressive strength (MPa) 


1890 


1870 


1840 


1760 


1620 




90° tensile strength (MPa) 


90 


87 


85 


81 


58 




90° tensile elongation (%) 


1.3 


1.3 


1.2 


0.9 


0.6 


50 


0° interiaminar shear strength (MPa) 


103 


100 


97 


90 


89 




Properties of the cylindrical composite 














flexural failure load (N) 


1280 


1230 


1210 


1150 


990 ! 


55 


torsional strength (N.m.deg) j 


2830 


2770 


2500 


2300 


1790 


compressive failure load (N) 


710 


680 


660 


490 


510 




Charpy impact absorption energy (J) 


10.6 


10.3 


10.3 


8.1 


7.2 



22 



EP 0 947 562 A1 



Example 4 

[0176] This shows an example of the use of N.N-dimethyiacrylamide as component (B). 

[0177] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 
bisphenol A type epoxy resin ("Epikote" 1001. made by Yuka Shell Epoxy K.K.) 
tetraglycidyldiaminodiphenytmethane fSumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 
biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 
dicyandiamide ("DICY7", made by Yuka Shell Epoxy K.K.) 

3-(3 ( 4-dichlorophenyl)-1,1-dimethylurea 3 parts ("DCMU99", made by the Hodogaya Chemical Co.) 
N.N-dimethylacrylamide (made by the Kohjin Co.) 
polyvinyl formal ("Vinylek" K, made by the Chisso Corp.) 



15 parts 
30 parts 
10 parts 
45 parts 
5 parts 

5 parts 
7 parts 



[0178] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 2. 

Example 5 

[0179] This shows an example of the use of acrylamide, instead of the N,N-dimethylacrylamide employed in Example 
4, as component (B). 

[0180] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 


15 parts 


bisphenol A type epoxy resin ("Epikote" 1001, made by Yuka Shell Epoxy K.K.) 


30 parts 


tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 


10 parts 


biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 


45 parts 


dicyandiamide ("DICY7", made by Yuka Shell Epoxy K.K.) 


5 parts 


3-(3,4-dichlorophenyl)-1 ,1-dimethylurea 3 parts ("DCMU99", made by the Hodogaya Chemical Co.) 




acrylamide (made by Nacalai Tesque Inc.) 


5 parts 


polyvinyl formal ("Vinylek" K, made by Chisso Corp.) 


7 parts 



[0181] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 2. 

Example 6 

[0182] This shows an example of the use of acryloylmorpholine, instead of the N,N<limethylacrylamide in Example 
4, as component (B). 

[0183] The following raw materials were mixed together in a kneader and a resin composition obtained. 
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bisphenol A type epoxy resin ("Epikote" 828, made by YUka Shell Epoxy K.K.) 
bisphenol A type epoxy resin ("Epikote" 1001. made by Yuka Shell Epoxy K.K.) 
tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 
biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 
dicyandiamide ("DICY7", made by Yuka Shell Epoxy K.K.) 

3-(3,4-dichlorophenyl)-1,1-dimethylurea 3 parts ("DCMU99", made by the Hodogaya Chemical Co.) 
acryloylmorpholine (made by the Kohjin Co.) 
polyvinyl formal ("Vinylek" K, made by Chisso Corp.) 



15 parts 
30 parts 
10 parts 
45 parts 
5 parts 

5 parts 
7 parts 



[0184] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 2. 

Example 7 

[0185] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 
bisphenol A type epoxy resin ("Epikote" 1001 , made by Yuka Shell Epoxy K.K.) 
tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 
biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 
dicyandiamide ("DICY7", made by Yuka Shell Epoxy K.K.) 

3-(3,4<nchlorophenyl)-1,1-dimethylure^ 3 parts ("DCMU99", made by the Hodogaya Chemical Co.) 

acryloylmorpholine (made by the Kohjin Co.) 

polyvinyl formal ("Vinylek" K, made by the Chisso Corp.) 



15 parts 
30 parts 
10 parts 
45 parts 
5 parts 

3 parts 
7 parts 



[0186] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 2. 

Example 8 

[0187] This shows an example of the combined use of N.N-dimethylacrylamide and acrylamide as component (B). 
[0188] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 
bisphenol A type epoxy resin ("Epikote" 1001, made by Yuka Shell Epoxy K.K.) 
tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 
biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 
dicyandiamide ("DICY7", made by Yuka Shell Epoxy K.K.) 



15 parts 
30 parts 
10 parts 
45 parts 
5 parts 
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(continued) 



3-(3,4-dichlorophenyl)-1,1-<jimethyiurea 3 parts ("DCMU99", made by the Hodogaya Chemical Co.) 
N.N-dimethylacrylamide (made by the Kbhjin Co.) 
acrylamide (made by Nacalai Tesque Inc.) 
polyvinyl formal ("Vinylek" K, made by Chisso Corp.) 




[0189] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 2. 

Example 9 

[0190] This shows an example of the use of N-hydroxymethylacrylamide instead of the N,N-dimethylacrylamide in 
Example 4, as component (B). 

[0191] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 
bisphenol A type epoxy resin ("Epikote" 1001 , made by Yuka Shell Epoxy K.K.) 
tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 
biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 
dicyandiamide ("DICY7", made by Yuka Shell Epoxy K.K.) 

3-(3,4-dichlorophenyl)-1 ,1-dimethylurea 3 parts ("DCMU99", made by the Hodogaya Chemical Co.) 
N-hydroxymethylacrylamide (made by the Nitto Chemical Industry Co.) 
polyvinyl formal ("Vinylek" K, made by Chisso Corp.) 



15 parts 
30 parts 
10 parts 
45 parts 
5 parts 

5 parts 
7 parts 



[0192] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 2. 

Example 10 

[01 93] This shows an example of the use of N-glycidylphthalimide instead of the N,N-dimethylacrylamide in Example 
4, as component (B). 

[0194] The following raw materials were mixed together in a kneader and a resin composition obtained. 



bisphenol A type epoxy resin ("Epikote" 828. made by Yuka Shell Epoxy K.K.) 
bisphenol A type epoxy resin ("Epikote" 1001 , made by Yuka Shell Epoxy K.K.) 
tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 
biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 
dicyandiamide ("DICY7", made by Yuka Shell Epoxy K.K.) 

3-(3,4<lichlorophenyl)-1,1-dimethylurea 3 parts ("DCMU99". made by the Hodogaya Chemical Co.) 
N-glycidylphthalimide ("Denacol" EX731 , made by Nagase Chemicals Ltd.) 
polyvinyl formal ("Vinylek" K, made by Chisso Corp.) 
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[0195] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 2. 

s (Example 11) 

[0196] This shows an example of the use of p-hydroxyphenylacetamide instead of the N.N-dimethylacrylamide in 
Example 4, as component (B). 

[0197] The following raw materials were mixed together in a kneader and a resin composition obtained. 



75 



20 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 
bisphenol A type epoxy resin ("Epikote" 1001, made by Yuka Shell Epoxy K.K.) 
tetraglycidyldiaminodiphenylmethane (" Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 
biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 
dicyandiamide ("DICY7", made by Yuka Shell Epoxy K.K.) 

3-(3,4-dichlorophenyl)-1,1-dimethylurea 3 parts ("DCMU99", made by the Hodogaya Chemical Co.) 
p-hydroxyphenylacetamide (made by the Otsuka Chemical Co.) 
polyvinyl formal fVinylek" K, made by Chisso Corp.) 



15 parts 
30 parts 
10 parts 
45 parts 
5 parts 

5 parts 
7 parts 
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[0198] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 2. 



30 Comparative Example 3 

[0199] This shows an example where there was used a resin composition comprising the components of the resin 
compositions in Examples 4 to 1 1 but with component (C) excluded. 

[0200] The following raw materials were mixed together in a kneader and a resin composition obtained. 

35 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 15 parts 

bisphenol A type epoxy resin ("Epikote" 1001 . made by Yuka Shell Epoxy K.K.) 30 parts 

tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 10 parts 

biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 45 parts 

dicyandiamide ("DICY7", made by Yuka Shell Epoxy K.K.) 5 parts 
3-(3,4-dichiorophenyl)-1,1-dimethylurea 3 parts ("DCMU99", made by the Hodogaya Chemical Co.) 

polyvinyl formal ("Vinylek" K, made by the Chisso Corp.) 7 parts 



so [0201] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
results are shown in Table 2. The 0° compressive strength, 90° tensile strength, 90° tensile elongation and 0° interlam- 
inar shear strength of the unidirectional composite material, and the f lexural failure load, torsional strength, compres- 
sive failure load and Charpy impact absorption energy of the cylindrical composite material were all inferior when 

55 compared to Examples 4 to 1 1 . 
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Comparative Example 4 

[0202] This shows an example where, instead of the component (B) in Examples 4 to 1 1 , there was used a compound 
(N-octylpyrrolidone) containing an amide bond but which does not contain a functional group which can react with the 
s epoxy resin or curing agent. 

[0203] The following raw materials were mixed together in a kneader and a resin composition obtained. 



10 



15 



20 



bisphenol A type epoxy resin ("Epikote" 828, made by Yuka Shell Epoxy K.K.) 
bisphenol A type epoxy resin ("Epikote" 1001 , made by Yuka Shell Epoxy K.K.) 
tetraglycidyldiaminodiphenylmethane ("Sumi-epoxy" ELM434, made by the Sumitomo Chemical Co.) 
biphenyl type epoxy resin ("Epikote" YX4000H, made by Yuka Shell Epoxy K.K.) 
dicyandiamide f DICY7", made by Yuka Shell Epoxy K.K.) 

3-(3,4-dichlorophenyl)-1 ,1-dimethylurea 3 parts ("DCMU99", made by the Hodogaya Chemical Co.) 
N-octylpyrrolidone (made by the Aldrich Chemical Co.) 
polyvinyl formal ("Vinylek" K, made by Chisso Corp.) 



15 parts 
30 parts 
10 parts 
45 parts 
5 parts 

5 parts 
7 parts 



[0204] Using this resin composition, and employing the methods described above, cured resin, unidirectional com- 
posite material and cylindrical composite material were prepared and their properties measured. The measurement 
25 results are shown in Table 2. The flexural modulus and tensile elongation of the cured resin material, the 0° compres- 
sive strength, 90° tensile strength, 90° tensile elongation and 0° interlaminar shear strength of the unidirectional com- 
posite material, and the flexural failure load, torsional strength, compressive failure load and Charpy impact absorption 
energy of the cylindrical composite material were all inferior when compared to Examples 4 to 1 1 . 



30 



35 



40 



45 



50 



55 
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Table 2 





cjcampie i 


rjcampie a 




Component (A) 








"Epikote" 828 


15 


15 


15 


"EDflcote*' 1001 


30 


30 


30 


"Enidon" 152 








"Sumi-enoxv" ELM434 


10 


10 


10 


"Knilfotc" YX4000H 


45 


45 


45 


Component [p) 








uiwyniAiifimmw 


5 


5 


5 


^curing auxiliary^ 








j-(3 f 4-aicnj oropneny l* 1,1-0 lmetny lurea j 




D 












in jiN-cnneuiy lacry jarm ue 








o «■ fill otn i ^ t* 
SdjlBIIUQC 


] 


5 




acryloyliDorpholinc 






5 


N-hydroxymethylacrylarnide 








N-glycidylphthalimide 


m 






p-hydroxyphenylacetamide 




_ 




(compound with an amide group but no 








reactive functional group) 








N-octylpyrrolidone 


_ 






Thermoplastic resin (polyvinyl formal) 








"VmyleirK 


7 


7 


7 


Complex viscosity of resin (Pa.s) 


3.6 x 10 4 


5.0x10* 


3.9 x 10 4 


Properties of the cured resin 








flexural modulus (GPa) 


3.7 


3.7 


3.7 


tensile elongation (%) 


10.7 


9.5 


10.4 


Properties of the unidirectional composite 








0° compressive strength (MPa) 


1910 


1890 


1900 


90° tensile strength (MPa) 


95 


89 


93 


90° tensile elongation (%) 


1.3 


1.1 


1.2 


0° interlaminar shear strength (MPa) 


101 


99 


97 


Properties of the cylindrical composite 








flexural failure load (N) 


1340 


1270 


1340 


torsional strength (N.m.deg) 


2970 


2900 


2950 


compressive failure load (N) 


700 


680 


710 


Charpy impact absorption energy (J) 


11.9 


10.5 


11.8 
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Table 2 (Continued) 



5 





Example 7 


Examples 


Example 9 


Example 10 


Example 11 


C mp_. 


Comp. 

ri*niii|iic *t 


10 


15 


15 


15 


15 


15 


15 


15 


30 


30 


30 


30 


30 


30 


30 




10 


10 


10 


10 


10 


10 


10 




45 


45 


45 


45 


45 


45 


45 


15 


5 


5 


5 


5 


5 


5 


5 




3 


3 


3 


3 


3 


3 ! 


3 


20 


3 
- 


3 
2 

* 


- 

- 
5 


- 

- 

* 
5 


- 

- 

- 


* - 


- 

: 

- 


25 


- 


- 


- 




5 




- 


- 


- 


■ 


- 


• 


* 


5 


30 


7 


7 


7 


7 


7 


7 


7 


5.5 x 10 4 


3.7 x 10* 


2.1 x 10 4 


6.9 x 10 4 


13x10* 


12 x 10 4 


2.4 x 10 4 




3.6 


3.7 


3.6 


3.6 


3.6 


3.4 


3.1 




105 


10.4 


ft o 

9.8 


ft A 

9.0 


ft £ 

! 9.6 


10.2 


5.9 


35 


1880 


1910 


1890 


1880 


1870 


1800 


1640 




90 


93 


91 


87 


89 


84 


65 




1.1 


12 


1.1 


1.1 


1.1 


0.9 


0.6 




94 


100 


99 


98 


98 


89 


88 


40 


1260 


1330 


1280 


1250 


1270 


1180 


1000 




2710 


2910 


2770 


2800 


2820 


2400 


1800 




680 


690 


670 


660 


670 


450 


500 




10.3 


1L5 


10.5 


10.2 


10.7 


83 


6.5 



45 



[0205] In Examples 12 to 18 and in the Comparative Example below, the preparation of the resin composition, the 
moulding of the unidirectional composite material and the measurement of the 0° f lexural strength and the interlaminar 
so shear strength of the unidirectional material were carried out by the following methods. 

(1) Preparation of the resin composition and the measurement of the viscosity 

[0206] The components other than the thermolytic polymerization initiator and the accelerator were heated and mixed 
55 at 60°C to produce a uniform liquid. This was cooled to 25°C, after which the thermolytic polymerization initiator and the 
accelerator were mixed in and the resin composition obtained. 

[0207] The viscosity of the resin composition was measured at 25°C using a B-type viscometer (made by Tokyo KeiW) 
at 6 rpm and again at 60 rpm. 
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(2) Moulding of the unidirectional composite 

[0208] Firstly, as shown in Figure 2, release paper 2 was stuck to the drum 1 of a drum winder, arid then carbon fibre 
strands 3 (T700SC-1 2K-50C, made by Toray Industries Inc.) were wound around. The wound width was 80 mm and the 

5 weight per unit area of fibre was 540 g/m 2 . 

[0209] Next, around the wound body of strands there was applied, at 35 cm spacings, a cyanoacrylate resin type 
instant adhesive 4, and impregnation and curing effected. Cut lines 5 were introduced into the regions where the adhe- 
sive had been applied, and the strands removed from the drum 1 . In this way carbon f tore unidirectional sheet materials 
6, the two ends of which were fixed with adhesive, were obtained. 

10 [0210] Then, the release paper 2 was removed, and epoxy resin applied to the ends of four of these carbon fibre uni- 
directional sheet materials, after which they were superimposed and the ends stuck together. After curing the adhesive, 
the ends of sheet material 6 were secured in the fixed chuck 7 and moveable chuck 8 of a frame, and the moveable 
chuck moved using knob 10 so that tension was applied to the sheet material 6. The tensioned sheet material 6 was 
arranged in the hollow (width 80 mm and length 200 mm) of a lower mould 11, then a vinyl ester resin composition 

is poured in and impregnation of the resin effected under reduced pressure. Subsequently, 2 mm thick spacers 12 and the 
upper mould 13 were set in place, and pressure applied using a mechanical press at a face pressure of 3 MPa. Curing 
was carried out by holding for 24 hours at 25°C in this state, and a unidirectional composite of thickness 2 mm obtained. 
The volume content of fibre in this unidirectional composite material was 60%. 

[021 1 ] Next, the unidirectional composite was removed from the mould and heated for 2 hours at 1 20°C, so that post- 
20 curing was effected. 

(3) Measurement of the 0° flexural strength 

[021 2] Test pieces of width 12.7 mm and length 85 mm were cut from the unidirectional composite material, and then 
25 the 0° flexural strength measured by performing a 3-point bending test under the following conditions. 



• span length: 


64 mm 


• loading rate: 


2.0 mm/mi n 


• loading nose diameter: 


upper side 10 mm, tower side 4 mm 


• measurement temperature: 


25°C 



35 

(4) Measurement of the interlaminar shear strength 

[021 3] Test pieces of width 6 mm and length 20 mm were cut from the unidirectional composite material, and then the 
interlaminar shear strength measured by performing a 3-point bending test under the following conditions. 

40 





• span length: 


10 mm 


45 


• loading rate: 


1 .3 mm/min 




• loading nose diameter: 


upper side 10 mm, lower side 4 mm 




• measurement temperature: 


25°C 



50 Example 12 



[0214] This shows an example of the use of acrylamide as component (B). 

[0215] The following raw materials were mixed together and a vinyl ester resin composition obtained. 

55 
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bisphenol A diglycidyl ether/inethacrylate adduct ("Epoxyester" 3000M, made by the Kyoeisha Chemi- 


60.0 parts 


cal Co.) 




styrene (made by Nacalai Tesque Inc.) 


30.0 parts 


acrylamide (made by Nacalai Tesque Inc.) 


10.0 parts 


thermolytic polymerization initiator ("Percure" VL, made by the Nippon Oil & Fats Co.) 


1.5 part 


cobalt naphthenate ("Rigolac" Cobalt N, made by the Shcwa Highpolymer Co.) 


0.5 part 



[021 6] The viscosity of the resin composition was 0.30 Pa.s at 6 rpm and 0.1 5 Pa.s at 60 rpm. 
15 [0217] Using this resin composition, a unidirectional composite material was moulded, and the 0° flexural strength 
and the interlaminar shear strength measured, by the methods described above. The measurement results were as fol- 
lows. 



20 



0° flexural strength: 


1830 MPa 


interlaminar shear strength: 


85.5 MPa 



25 Example 13 

[0218] This shows an example of the use of N.N-dimethylacrylamide as component (B). 

[0219] The following raw materials were mixed together and a vinyl ester resin composition obtained. 

30 



bisphenol A diglycidyl ether/methacrylate adduct ("Epoxyester" 3000M, made by the Kyoeisha Chemi- 


60.0 parts 


cal Co.) 




styrene (made by Nacalai Tesque Inc.) 


30.0 parts 


N.N-dimethylacrylamide (made by the Kohjin Co.) 


10.0 parts 


thermolytic polymerization initiator ("Percure" VL, made by the Nippon Oil & Fats Co.) 


1.5 part 


cobalt naphthenate Highpolymer Co.) ("Rigolac" Cobalt N, made by the Showa 


0.5 part 



[0220] The viscosity of the resin composition was 0.060 Pa.s at 6 rpm and 0.061 Pa.s at 60 rpm. 
[0221 ] Using this composition, a unidirectional composite was moulded, and the 0° flexural strength and the interlam- 
inar shear strength measured, by the methods described above. The measurement results were as follows. 

45 





0° flexural strength: 


1890 MPa 


50 


interlaminar shear strength: 


86.5 MPa 



Example 14 



[0222] This shows an example of the use of acryloylmorpholine as component (B). 
55 [0223] The following raw materials were mixed together and a vinyl ester resin composition obtained. 
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bisphenol A diglycidyl ether/methacrytate adduct fEpoxyester" 3000M, made by the Kyoeisha Chemi- 


60.0 parts 


cal Co.) 




styrene (made by Nacalai Tesque Inc.) 


30.0 parts 


acryloylmorpholine (made by the Kohjin Co.) 


10.0 parts 


thermolytic polymerization initiator (Tercure" VL, made by the Nippon Oil & Fats Co.) 


1.5 part 


cobalt naphthenate ("Rigolac" Cobalt N, made by the Showa Highpolymer Co.) 


0.5 part 



[0224] The viscosity of the resin composition was 0. 1 1 Pa.s at 6 rpm and 0. 1 1 Pa.s at 60 rpm. 

[0225] Using this composition, a unidirectional composite was moulded, and the 0° flexural strength and the interlam- 

inar shear strength measured, by the methods described above. The measurement results were as follows. 



0° flexural strength: 


1800 MPa 


interlaminar shear strength: 


84.2 MPa 



Example 15 

[0226] This shows an example of the use of N-vinylpyrrolidone as (B). 

[0227] The following raw materials were mixed together and a vinyl ester resin composition obtained. 



bisphenol A diglycidyl ether/methacrylate adduct ("Epoxyester" 3000M, made by the Kyoeisha Chemi- 


60.0 parts 


cal Co.) 




styrene (made by Nacalai Tesque Inc.) 


30.0 parts 


N-vinylpyrrolidone (made by Nacalai Tesque Inc.) 


10.0 parts 


thermolytic polymerization initiator ("Percure" VL, made by the Nippon Oil & Fats Co.) 


1.5 part 


cobalt naphthenate ("Rigolac" Cobalt N, made by the Showa Highpolymer Co.) 


0.5 part 



[0228] The viscosity of the resin composition was 0.070 Pa.s at 6 rpm and 0.073 Pa.s at 60 rpm. 

[0229] Using this composition, a unidirectional composite material was moulded, and the 0° flexural strength and the 

interlaminar shear strength measured, by the methods described above. The measurement results were as follows. 



0° flexural strength: 


1760 MPa 


interlaminar shear strength: 


81.5 MPa 



Example 16 

[0230] This shows an example of the use of N-methoxymethylacrylamide as component (B). 
[0231] The following raw materials were mixed together and a vinyl ester resin composition obtained. 
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bisphenol A diglycidyl ether/methacrylate adduct ("Epoxyester" 3000M, made by the Kyoeisha Chemi- 


60.0 parts 


cal Co.) 




styrene (made by Nacalai Tesque Inc.) 


30.0 parts 


N-methoxymethylacryiamide (made by Nitto Chemical Industry Co.) 


10.0 parts 


thermolytic polymerization initiator ("Percure" VL, made by the Nippon Oil & Fats Co.) 


1.5 part 


cobalt naphthenate ("Rigoiac" Cobalt N, made by the Showa Highpolymer Co.) 


0.5 part 



[0232] The viscosity of the resin composition was 0. 1 0 Pa.s at 6 rpm and 0. 1 0 Pa.s at 60 rpm. 
15 [0233] Using this composition, a unidirectional composite material was moulded, and the 0° f lexural strength and the 
interlaminar shear strength measured, by the methods described above. The measurement results were as follows. 



20 


0° f lexural strength: 


1750 MPa 




interlaminar shear strength: 


80.8 MPa 



Example 17 

25 

[0234] This shows an example of the use of N-isopropylacrylamide as component (B). 

[0235] The following raw materials were mixed together and a vinyl ester resin composition obtained. 



30 



bisphenol A diglycidyl ether/methacrylate adduct ("Epoxyester" 3000M, made by the Kyoeisha Chemi- 


60.0 parts 


cal Co.) 




styrene (made by Nacalai Tesque Inc.) 


30.0 parts 


N-isopropylacrylamide (made by the Kohjin Co.) 


10.0 parts 


thermolytic polymerization initiator ("Percure" VL, made by Nippon Oil & Fats Co.) 


1.5 part 


cobalt naphthenate ("Rigoiac" Cobalt N, made by the Showa Highpolymer Co.) 


0.5 part 



40 

[0236] The viscosity of the resin composition was 0.1 1 Pa.s at 6 rpm and 0.12 Pa.s at 60 rpm. 
[0237] Using this composition, a unidirectional composite was moulded, and the 0° flexural strength and the interlam- 
inar shear strength measured, by the methods described above. The measurement results were as follows. 



45 



0° flexural strength: 


1810 MPa 


interlaminar shear strength: 


84.2 MPa 



50 

Example 18 

[0238] This shows an example of the use of N,N-diethylacrylamide as component (B). 

[0239] The following raw materials were mixed together and a vinyl ester resin composition obtained. 

55 
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bisphenol A diglycidyl ether/methacrytate adduct ("Epoxyester" 3000M, made by the Kyoeisha Chemi- 


60.0 parts 


cal Co.) 




styrene (made by Nacalai Tesque Inc.) 


30.0 parts 


N,N-diethylacrylamide (made by the Kohjin Co.) 


10.0 parts 


thermolytic polymerization initiator ("Percure" VL, made by Nippon Oil & Fats Co.) 


1.5 part 


cobalt naphthenate ("Rigolac" Cobalt N p made by the Showa Highpolymer Co.) 


0.5 part 



[0240] The viscosity of the resin composition was 0.72 Pa.s at 6 rpm and 0.74 Pa.s at 60 rpm. 
is [0241 ] Using this composition, a unidirectional composite was moulded, and the 0° f lexural strength and the interlam- 
inar shear strength measured, by the methods described above. The measurement results were as follows. 



20 


0° flexural strength: 


1830 MPa 




inter laminar shear strength: 


85.7 MPa 



Comparative Example 8 

25 

[0242] This shows an example in which no component (B) was employed. 

[0243] The following raw materials were mixed together and a vinyl ester resin composition obtained. 



30 



bisphenol A diglycidyl ether/methacrylate adduct ("Epoxyester" 3000M, made by the Kyoeisha Chemi- 


60.0 parts 


cal Co.) 




styrene (made by Nacalai Tesque Inc.) 


40.0 parts 


thermolytic polymerization initiator ("Percure" VL, made by Nippon Oil & Fats Co.) 


1.5 part 


cobalt naphthenate ("Rigolac" Cobalt N, made by the Showa Highpolymer Co.) 


0.5 part 



[0244] The viscosity of the resin composition was 0.045 Pa.s at 6 rpm and 0.047 Pa.s at 60 rpm. 
40 [0245] Using this composition, a unidirectional composite was moulded, and the 0° f lexural strength and the interlam- 
inar shear strength measured, by the methods described above. The measurement results were as follows. 



45 


0° flexural strength: 


1640 MPa 




interlaminar shear strength: 


77.0 MPa 



[0246] As is clear from these results, there is obtained a composite material in which the 0° flexural strength and the 
so interlaminar shear strength are both considerably lower than in Examples 1 to 8. 

industrial Utilization Potential 

[0247] In accordance with the present invention there is obtained a thermosetting resin composition which shows 
55 excellent adhesion between the cured material and reinforcing fibre, and which is outstanding in the elastic modulus of 
the cured material. Using this composition, there can be obtained f tore reinforced composite materials which are out- 
standing in their 0° compressive strength, 90° tensile strength and interlaminar shear strength, and which are also out- 
standing in their impact resistance. 
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Claims 



1 . A thermosetting resin composition for carbon fibre reinforced composite materials which chiefly comprises the fol- 
lowing component (A) and from 0.5 to 20 parts by weight of component (B) per 100 parts by weight of component 
5 (A). 

(A) Thermosetting resin 

(B) Compound having one functional group which can react with thermosetting resin (A) or its curing agent, 
io and which contains a moiety selected from the following formulae (1 ) to (4) 

- C- N< 

« (1 ) 

° 

— C — N < 

II (2) 
S 

20 O 

I 
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- S - N< ( 3 ) 

8 

o 

>P-N< 

A (4) 
O 
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2. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 7 where the 
amount of component (B) incorporated is from 0.5 to 5 parts by weight per 100 parts by weight of component (A). 

35 

3. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 1 where the 
component (A) is a compound with a plurality of epoxy groups in the molecule (namely an epoxy resin) or a com- 
pound with a plurality of potymerizable unsaturated bonds in the molecule. 



40 4. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 3 where com- 
ponent (A) is an epoxy resin and it includes an epoxy resin curing agent (C). 



5. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 4 where com- 
ponent (B) is a compound having a structure represented by general formula (1). 

6. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 4 where the 
functional group in (B) which can react with the epoxy resin or its curing agent is a functional group selected from 
the carboxyl group, phenolic hydroxyl group, amino group, secondary amine structure, mercapto group, epoxy 
group, and double bond conjugated with a carbonyl group. 

7. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 6 where com- 
ponent (B) is a compound having one moiety represented by formula (5) in the molecule. 
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8. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 3 where com- 
ponent (A) is a compound with a plurality of polymerizable unsaturated bonds in the molecule, and component (B) 
has a polymerizable unsaturated bond in the molecule and, furthermore, it contains a thermolytic polymerization 
initiator (D). 

9. A thermosetting resin composition for carbon f ibre reinforced composite materials according to Claim 8 where com- 
ponent (B) is a polymerizable monomer which contains a moiety represented by general formula (1). 

1 0. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 8 where com- 
ponent (D) is an organic peroxide. 

11. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 10 where 
75 there is included a thermal decomposition accelerator (E) for component (D) 

1 2. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 8 where com- 
ponent (A) has a plurality of ester linkages. 

20 1 3. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 1 2 where the 
component (A) is of at least one type selected from unsaturated polyester resins, vinyl ester resins and ally! resins. 

1 4. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 8 where com- 
ponent (B) is a compound with one moiety represented by formula (5) in the molecule. 
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15. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 8 which 
35 includes a polymerizable monomer (F) having one polymerizable unsaturated bond in the molecule and which does 

not have any structures of formula (1) to (4). 

16. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 1 which is 
characterized in that the f lexural modulus of the cured material is at least 3.2 GPa. 

40 

17. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 1 which is 
characterized in that the elongation at break of the cured material is at least 8%. 

18. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 1 which is 
45 characterized in that there is contained from 1 to 20 parts by weight of thermoplastic resin per 100 parts by weight 

of component (A). 

19. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 18 which is 
characterized in that it contains a thermoplastic resin with hydrogen bonding functional groups. 

50 

20. A thermosetting resin composition for carbon f tore reinforced composite materials according to Claim 1 where the 
complex viscosity obtained by carrying out dynamic viscoelasticity measurement at 0.5 Hz and 25°C is 10,000 to 
300,000 Pa.s. 

55 21. A thermosetting resin composition for carbon fibre reinforced composite materials according to Claim 1 where the 
viscosity measured by means of a rotational viscometer at 60 rpm and 25°C is from 0.01 to 1 .0 Pa.s. 

22. A prepreg formed by impregnating carbon fibre with a thermosetting resin composition according to Claims 1 to 21 . 
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23. Carbon f tore reinforced composite materials comprising carbon fibre and a cured thermosetting resin composition 
according to any of Claims 1 to 21 . 

24. Carbon fibre reinforced composite materials according to Claim 23 where the carbon fibre reinforced composite 
5 material has an interlaminar shear strength as a unidirectional composite material of over 77.0 MPa. 

25. Carbon fibre reinforced composite materials according to Claim 23 where the carbon fibre reinforced composite 
material has a 0° ftexural strength as a unidirectional composite material of at least 1700 MPa and an interlaminar 
shear strength of over 77.0 MPa. 
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